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TRANSLATOR’S PREFACE 

The Artificial Kosiii industry is a T)i()(lern dev^c^lopmcnt, having 
started as recently as 1S90. The indiiMt.ry was at first confiiKul 
to the mamifactiire of substitutes for tlu^ various natural resins, 
already widely used at that time, l)ut with the development 
of Bakelite, th(‘ first hardening resin, in liH)7, it reached a new 
stage by the manufaeture of resin-like products possc'ssing 
valuable hardening pro])erties hitherto unknown. The indus- 
try has now attained considerable importauce and supplies pro- 
ducts which ai'c indispensable for many purf)()s(\s. for example*, 
for the manufacture of electrical mae^hiiKuy. 

It is interesting to observe how the* r*(*sinous, i)itchy ])roducts 
which arf^ the bugbear of the orthodox organic r(*search chem- 
ist, and which he is inclined to treat with chilly contempt, 
have become the basis of an important indnstr*y and are 
delilxa-atcdy jHodueed by tens of thousands of tons annually, 
being valuable by the very reason of the non-ci*ysta11ine and 
chemically heterogeneous character which provokes the scorn 
of the contributor to Beilstein. ft is perhaps well to be jo- 
minded that the ultimate ])roducts of chemical industry, those 
that I’each the ultimate consumei', arc* not usually or very 
largely ])ure chemicals of ciystallino character, but (*ither 
structural materials or food products of non-crystallin(^ form. 

The present work presents a comprehensive account of tlu^ 
princij)les underlying the Artificial Resin industry and of their 
apj)lication in practice, which should be of interest to Rnglish- 
s])eaking readers. 

The translator has confincul himself to an attempt to repro- 
duce, as accurately as possible, the meaning of the auth()J‘s. 

KHNKST FYLEMAN. 
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ARTIFICIAL RESINS 


CHAPTER I 

INTRODUCTION 

The term ‘‘ Kesiii was originally applied exclusively to a 
grouj) of natural products. During the last few dccennia an 
increasing number of products have be(^n included in the cate- 
gory of “ resins ” which are obtained artificially by the system- 
atic exploitation of num(‘rous reactions of organic substances 
which lead to resinilication. The natural and artificial products 
show no difference with regard to the characteristic properties 
which endow them with resinic chai’acter. Therefore the 
“ artificial resins/’ '' synthetic resins/’ “ resin-like products/’ 
and “ resin substitutes ” (such as shellacs and copal substitutes) 
can b(^ used as perfect substitutes for the natural resins in their 
industrial applications, such as in the varnish industry, as in- 
sulators, as textile dressings, in fireworks, and so foi th. These 
economic possibilities have led to the establishment of a special 
artificial resin industry, wdiich is stc‘a.dily growing in importance. 

Although the individual chemical constitutions of the various 
resin products must undoubtedly be of influence (see Chapter 
V), we must add that close relations between chemical constitu- 
tion and ‘‘ resin ” characteristics do not exist. It is certain 
that any such relations are of such a character that they may 
be fulfilled in very various manners. Otherwise the fact would 
be unexplainable^ that great chemical differences exist between 
the various natural resins, and still more between these and 
the artificial products. It is true that tlu^ opinion has been 
expressed that certain reactions leading to the ])roduction of 
artificial rosins may also have played a ])art in the formation 
of natural products.^ But even should this be so, the cx(!eedingly 

1 vSoe, for exain])le, tho artidos by A. Michael {Her., 17 H., 21, 1884), and 
L. H. Rat4celand {(liem. 1909, :i59), the natural formation of resins 

from phenols and aideliytles. Cbmparo alno iho experiments of O. Doebner 
on the synthesis of eonstitni'nts of (iuaiacum j-esm. l^hann., 2114, filO; 

r., 1897’, Is rt>7.) 

• ' 1 
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marked variations arc very evident. The acceptance of any 
essential chemical analogies between natural and artificial resins 
would therefore be more than doubtful. 

The Natural Resins. These are secretions which are distin- 
guished from vegetable gums and mucilages belonging to the 
carbohydrate class by Uieir insolubility in water and inability 
to gelatinize in that liquid, together with the property of solu- 
bility in alcohol oi‘ ether, although in external appearance they 
often resemble the former substances closely. Numerous 
vegetable families produce resinous secretions, including some 
which are widely distributed, such as the conifers. Home 
of these families, or at any rate their resin-forming species, 
are confined to comparatively warm climates, such as the 
caesalpinioidcae, anacardiaceae, burseraeeae, umbel liferae, 
dipterocarpaceae, guttiferae, euphorbiaceae, compositae and 
so forth. 

In many cases such plants are normally provided with resin 
ducts or cavities, from which the resin flows when open (prim- 
ary or f)bysiologi(;al resin, primary resin flow). More fre- 
quently the secretion of resin only occurs under the stimulus 
of a wound, which may be either natural (animal bites, insect 
attack, injuries caused by wind, fire, or lightning, and so 
forth) or artificial (})y an ax(‘ or knife). In the latter cases the 
resin secretion is thus a jiathological ])roduet, and it is of 
interest to note that w hen caused in this way the flow of resin 
is especially coj)ious, a (arcumstance of great importance in 
industrial resin ])roduction, in which industry '' secondaiy ’’ 
resin flow^ is utilized whenever possible. We may add that 
according to A. Tschircld the production of resinous secre- 
tions is always associated with the presence of special resin- 
ogenous ” cell layers, which may thus occur not only as normal 
tissues, but also as pathological formations foi* the purpose of 
promoting resin forifiation in circumstances in which it would 
not otherwise occur. 

The purpose of rc'sin formation is, in every case, the covering 
of an open wound. In order to facilitate this object such 
secretions of the living plant are always of a fluid nature and 

' Ihe llarzp It ml dir HttrztrhdUcr, Second Edition; Leipzig,* 1906. 
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appear at the surface as a liquid, such as turpentine or balsam. 
On contact with the air, not only do the volatile constituents, 
consisting of essential oils and tcrpene hydrocarbons, volatilize, 
but autoxidation, and so forth, also occur. As a result of these 
processes the liquid secretion hardens more or less rapidly to 
a solid resin, which is, however, in thc^first instance, still soft. 
Products of this character are known as recent ’’ resins. In 
this state all natural resins are easily soluble in alcohols or 
hydrocarbons, and can therefore be used for the production of 
varnish. 

When resin production is especially copious much of the 
secretion passes into the soil. This also occurs if the secreting 
plants are themselves ov^ertlnown through the eflec^t of wind, 
damage, age, floods, and so forth, and are then covered by 
humus, earth, sand, etc. 8u(;h occurrences, whi(;h have taken 
place throughout countless ages, were followed by the gradual 
decay of the woody material, whilst the resin itself remained 
intact. 

In such cases the processes of eva])oration of volatile 
constituents, autoxidation and polymerization, continued 
throughout long eras, naturally altered the character of such 
resins. 1 It is therefore not sur])rising that the so-called Copals, 
or recent fossil resins,'’ in which the phenomena comprised 
under the name of ripening have acted throughout centuries 
and possibly throughout thousands of ycuirs,^ are far superior 
to recent products with regard to mecha-nkjal strength and 
resistance to heat. A further charact(‘ristic of these products is 
a greatly reduced solubility in the solvents commonly used for 
recent resins.*^ The changes j)roduced by ripeming are naturally 
most strongly developed in resins, the age of which must be 
reckoned in geological periods. The best known example of 

^ Soo C. Euglor, Report of the KtAjhlh I nteruatiomil Conyrefts of Applied 
Chemistry, New York, Vol. 25, 001 (li)12). 

2 Kauri y^ines [Dammara auslraUs) aitaiu Iho apje of about 1,000 yearn, and 
therefore Kauri resin buried in loealitios in wliieli tlie original forests liave 
now disappeared without trace must bo several thousand years ohl. The 
West African copals found in water-borne, secondary deposits, must also be 
very old. 

^ This is i^onsidered to be duo to the development of eollodial conditions; 
see C. Engier and Tausz, Ayigew. 34, 30S (1921). 
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such fossil ’’ resins is amber, the matrix of which, the “ blue 
earth ” of the Baltic coast, is of oligocene origin. In actual 
fact, amber (succinite) excels all other known natural resinous 
products with regard to hardness, strength, and heat resistance ; 
at the same time it is also the least soluble resin known. ^ 

The complicated sejwes ; fluid secretion -> recent resin 
recent fossil resin -*> fossil resin, the chemical relations of which 
are by no means clear in detail, reminds one, with regard to 
the associated changes of such physical properties as solu- 
bility, hardness, and mechanical vstrength, of the changes which 
occur with simpler substances which also show a tendency to 
polymerization. Actually, the changes induced hj ripening ” 
can be reversed by means which, admittedly, lead to depoly- 
merization. As, however, the use of heat is essential and fairly 
high temperatures, exceeding 300® C., are required, it is not 
surprising that the complicated raw materials are not simply 
dissociated with formation of their monomeric constituents, 
but that a whole series of secondary reactions occur simul- 
taneously. “ Yet by so-called “ running ” or “ sweating ” that 
is suitable, hmgthy and intensive heat treatment, run gums 
can be obtained fiom the practically insoluble copals, and even 
from amber, wliicdi comparer with regard to solubility with 
recent resins. It should, however, be added that these residues 
are devoid of all mecdianical strength. 

A ])eculiar position amongst natural resins must be reserved 
for sticklac and shellac. One peculiarity consists in the fact 
that this f)r()duct is not a vegetable secretion, although this 
was formerly supposed, but is a j)roduct of animal metabolism. 
Sticklac is the product of the so-called lac insect, of the Lak- 
shadia family,^ which is a parasite on numerous vegetable hosts 

’ See tlio Simunarv on Fossil Kosins (Farbc iind hack (1927), 359, 
37H). * . 

^ Moro j)arl'ic*ularly, carbon dioxide is liberated from rosinolic acids; soo 
H. Wolff {Farbe iiud Lack (1924). 3()0, 405). Regarding the alteration in the 
luiinorical cliaracl (eristics cuiisi'd by licat trc^at-inont, see Lewkowitsch (The 
Analyst, 26, 37). Ri^garding the cjopal oil produced by running, see, inter alia, 
Wallaeh und Kbomdorff' (A/m., 27/,.308) (1892); Gill and Nisiiida (TheOiland 
Colour Trades Journal, 1025, 193); see also Gildeineistei* (Aether. Oele, 1913, 
11. 9) 

•* According to Malxlduih^an ; see Abstract in J^^arbe und Lack, 1926, 030. 
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growing in India and the neighbouring countries.^* Direct 
proof that the resin must be an animal secretion is afforded 
by the fact that the various kinds of shellac are practically 


^C. 



Fia. 1. TrAMSFORMATION of SHWLIiAC ON Pkolonoki) Hf.ating 

(From H. Stager, Kolloidchemischo TcMdinologio, j). 202) 

Curve 1 . Loss of weight of shellac at 100“ 

Curve 2. Loss of solubility of shellac in alcohol. 

Curve 3. Else of melting ixilnt of shellac. 


identical chemically, in spite of slight other differences. Other- 
wise considerable differtmees would occur between the various 
kinds of shellac, which arc produced on differing host plants, 
and these do not in fact exist.- 

Shellac, moreover, behaves in a quite remarkable manner, 


^ Tho host plants belong to more than fifty familic^s. 

^ Thus alouritic acids prepared from various shellacs show the same charac- 
ters; W. Nagel {Ber.^ 60, 605, 1927); see also A. Endcnianu [Angew., 20, 1776, 
(1907); ;^2,*676 (1909)). 




6 


ARTIFICIAL BESIKS 


by whicfi it ivS dLstinguished from all other natural resins.^ 
Whilst the ripening of ordinary vegetable resins cannot be 
imitated by heating alone, on simply heating shellac, for 
example, by prolonged heating at 100° C., its properties 
are greatly altered ; its solubility in alcohol is rapidly re- 
duced, whilst its melljng point is greatly raised, until it 
becomes practically infusible. These relations are shown in 
Fig. 1, which represents graphically the results obtained by 
H. Stager.'^ 

Apart from a very slight loss of water the elementaiy compo- 
sition of the resin nunains unaltered, and the saponification 
value remains practically unchangc'd. The transformation 
caused by h(uiting is irreversible. A similar change can be 
effected by the action of mincTal acids, in which ease the 
tendency to hydrolysis, but not the solubility in alkali, vanishes. 
In this case the solubility in alcohol can bo restored by treat- 
ment with glacial acetic acid or formic acid and precipitation 
by water, although the capability of hydrolysis is only reston^d 
by I'edissohdng in alcohol and again reprecipitat-ing by wat(U’. 
Harries and Nagel, and also Evers,^ who investigated these 
phenomena, came to the conclusion that they were due to 
aggregations and disaggregations, whieli caused changes in tl)e 
degree of dispersion. Mutual absorption phenomena, due to 
surface tension effects, ])robably play a ])art in these changes. 
(Formation of association colloids; see page 54.) 

Technical Importance of Natural Resins. This depends 

mainly on the production of suitable varnishes by solution in 
organic solvents. It is of importance that by suitable choice 
of solvents either so-called spirit varnishes, with alcoliol, ethyl 
acetate, acetone, butyl acetate, etc., as solvents, or so-called 
volatile varnishes, with hydrocarbon solvents, can be pro- 
duced. Apart from these two classes of “ thin ” varnishes, 
thick varnishes can also be prepared from the natural resins, 

^ A soinewliat similar l)ehavioiir is shown, but only under the influence of 
an eir/yine, by so-eaUt'd Ja]mn lac, the milk-.sa}) of Rhus vernicifera. 

^ From Kollo id-chemisrhe Techtiologic (Th. Stfdnkt)pff, Drt^sden and Leii)zig, 
(1927), p. 29:h Fi^r. KJ9). 

» H'm. Veroff. Sivm -Konz, III, ^48, 253 (1923); Kolloicheitschr, 33, 181 
(1923); Rrr. 36, 1088 (1923); Anqew., (1924), 117 ; see also H. Wolff {Chem. 
Umschau, 7910, 2). * * - 
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which contain considerable quantities of drying oils, more 
especially linseed oil and wood oil.^ 

As varnishes can only be prepared from products which are 
soluble in suitable solvents, it is necessary to deprive copals 
of the valuable mechanical properties which they have gained 
by the ripening process by previous runjiing/** Apart from this 
undoubted disadvantage the losses on running are consider- 
able, amounting on the average to about 20 per cent. More- 
over, the practical operation of the process is exceptionally 
difficult as small batches only can be worked, and there is no 
definite indication of the end-point. As, however, the correct 
degree of running is essential for the satisfactory admixture 
of the copal with the fatty oil (for otherwise the varnish may 
become clouded, either immediately or after some time, a 
defect known as “ bloom ”), it is clear that in spite of their 
very valuable properties the copals have many disadvantages 
as varnish resins. 

Resins have important applications aj)art from the varnish 
industry. For example, chea]), saponifiable resins play an 
important part in the production of paper, soap, and so forth. 
Large quantities of various resins are also used in the linoleum 
and pyrotechnic industries, and more particularly in the 
electrical industry. Vov many such applications shellac is still 
considered to hi^ the most suitable natural resin. Apart from 
its special suitability for electrical purposes, it is also much 
used for polishes and for the production of gramophone discs. 
In addition it possc^sses the ])roperty, shared by no other 
natural resin, of peptization by weak alkalies, more particu- 
larly by dilute borax solutions, a property which is largely 
utilized for the production of textile dressings and for the manu- 
facture of inks, washes, and so forth. 

The exceptional mechanical properties which natural resins 
may acquire by ripening arc only utilized on any extensive 
scale in the case of amber. In this product the valuable 
mechanical properties, which are associated with exceptional 

^ On the classification of the various variiishoR, see Scheiber, Lacks und 
ihre Rohstoffe, Leipzig (1926), p. 284 ct ae(f. 

2 On experiiiients on the direct solution of copals, s(^e Scheiber, Lacks und 
ihre Rohsiojfc^ Leipzig (1926), p. 3*12. * 
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adaptability to mechanical working, are much more highly 
developed than is the case with the hardest copals. Whilst, 
therefore, amber has been widely used for thousands of years 
for decorative purposes, and the continued manufacture of 
countless products for daily use ensures a market for the 
considerably increased production of this raw material,^ it has 
not been found possible to introduce the use of copals for 
similar purposes. 

The production of natural resins is very large. Thus the 
annual ]iroduetion of colophony (rosin) is estimated to be about 

400.000 tons. The annual production of copals and other 
resins, apart from colophony and shellac, is probably about 

30.000 tons, whilst that of shellac is probably equally large or 
ev(m larger.^ 

Germany takes no part of any practical importance in 
the', output of natural resins. Apart from amber, which is a 
German mono[)oly, only relatively unimportant quantities of 
(jolophony are? produ(^('d, whicli are ne'gligible in comparison 
with the hoiiK' consumj)tiem. TJie imports of resins are 
therefore very considerable, as will be gathered from the 
table boloAv, which has been compiled after deduction of the 
re-exports.*^ 


^ The annual production in 1912 may bo (estimated at about 500 tons. 
For varnish production, rather more than 100 tons of “sweated ” amber are 
annually available; the total amount of ambe^r present in the “ blue earth ” 
has been carefully estimated by (Joeppert, and is believed to amount to about 
6 million tons. See W. Boelsehe, Bernstemwald, Stuttgart (1927), pp. 41, 43. 

2 The annual value of the shellac*dealt with m India is about £5,000,000; 
see Farbenztih 32, 2429 (1927). 

® Based on the official Import %nd Export Statistics. • , 
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Problems and Aims of the Artificial Resin Industry. The 

artificial resin industry has to take into account the fact that 
natural resins are produced in sufiicient quantities, of quite 
satisfactory quality and in ])art at very reasonable prices. One 
very definite problem of the industry is the production of artifi- 
cial products as substitutes for certain^natural resins, such as 
shellac and copal substitutes. But it would be an error not to 
recognize that the aims of the industry arc considerably wider 
than this. Natural resins are certainly very valuable products, 
which possess the not unimportant advantage that the con- 
sumers are accustomed to their use, and the manufacture of 
artificial substitutes of at least equal quality at reasonable 
prices is in any ease very diflicult. It should, however, always 
be remembered that the natural resins possess disadvantages, 
which are not especially emphasized for the simple reason that 
they are for the present unavoidable. The production of artifi- 
cial products offers the possibility of varying the properties 
widely, and more particularly of increasing certain desirable 
qualities to a d(‘grec which is absolutely impossible with natural 
products. In this way possibilities are open to the artificial 
resin industry, which may lead to wide demands for its products 
by the use of these as the basis of entirely new industries. 

The truth of the above standpoint is obvious if one reviews 
the history of the artificial resin industry. The earliest artificial 
resins were the coumarone resins, which were invented in 1890, 
and which were tried as substitutes for colo})hony shortly 
after their discovery. This attempt inevitably failed as they 
offered no particular advantage's for the purpose, and there 
was therefore no special inducement to use them. C'onditions 
were more favourable in the* case of the artificial shellacs which 
have been marketed since about 1902, (Jonsisting essentially of 
condensation products of formaldeliyde and phenols. For 
although th(\se products presented many soiious disadvantages 
which appeared to render their use for many purposes inad- 
visable, they offered not im‘rely advantage's in price, but ako 
numerous possibilities of application which enabled them 
advantageously to replace naturarshellac in many cases. 

The r\f'w artificial resin industry Scored a real triumph in 

m 

2— (5647) 
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1907 by the discovery of phenol-formaldehyde condensation 
products capable of being hardened, by L. H. Baekeland ^ and 
H. Lebach, ^ These materials could be prepared in the form of 
liquids or of solids which were readily soluble and of low melt- 
ing point, known as “ primary condensation products,” which 
correspond in characb^i^to the ordinary recent natural resins. 

These new products were characterized by a property 
hitherto quite unknown. It was at that time not yet realized 
that shellac was to some extent convertible into insoluble 
products of relatively high melting point; the new artificial 
products possessed this property to a very much greater degree, 
and could be converted in a few minutes, by suitable treatment, 
into secondary prodiuits whicli were very hard, did not soften 
on heating, were* extreunely resistant chemically, and insoluble 
in practically all solvents. These properties opened up pos- 
sibilities whi(ih led to the establishment of entiiely new indus- 
tries. Simultaneously, the diseov(*ry of these products led to 
a rational manner of producing ])lastic masses resembling 
amber and other products, the industrial applications of which 
greatly ex(Hied(Hl those of amber, horn, and other naturally 
avaihible imiterials. 

It might b(‘ said that since that time the artificial resin 
industiy has Ixu^n unable to achieve another success of equal 
imf)ortance, but tlie further j)rogress whicdi has been made by 
the definite and systematic develojmient of the earlier results 
is by no means sTuaH. Not only have earlier defects been 
completely ovej*come, but numerous now methods have been 
tried whicli cover almost the entire field of organic chemistry. 
It must be admitted that the application of artificial resins is 
still relatively small, the world’s jnoduction being estimated 
at about 30,000 tons annually. The reason for this relatively 
limited devc'lopment is, howewer, to be found less in defects of 
the products, many of which, such as the new copal substi- 
tutes, are fully equal to or even superior to the natural resins 
in quality, than in the difiiculty arising out of the low prices 
of the natural products. 

» Chem. Ztg., 1909, 3^7. 326, 347, 353, 1268; 1912, 1245. 

2 ( 1909 ^ 1598 . ( 191 3 ), 7 . 33 , 750 . * . 
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It should particularly be noted that during the war and 
post-war periods the artificial products liave proved invalu- 
able in spite of their inherent defects, and to others due to 
lack of suitable raw materials for their manufacture. Even the 
relatively despised coumarone resins played an important part 
during the war, as without thei»i almosUf the whole of the paint 
and printers’ colour industry would have becm j)aralysed. It 
was, of course, unavoidable that they should be used for pur- 
poses for which thin paints would be unsuitable under normal 
conditions, for example, for extiunal use, and it is quite unfair 
to form an adverser opinion on the ground of the rapid deprecia- 
tion of such paint, which was only to b(‘ exjK'cted in the 
circumstances.^ 

The question might be raised whether the artificial resin 
industry should not, methodically, endeavour to synthesize 
the natural resins. There can, obviously, be no question with 
regard to the scumtific interest of such a. j)rogramme. but from 
the technical stand])oint there would be fairly general agree- 
ment that any such attempts should at k‘ast Ix'; confined to 
certain special natural resins, ])erha])s more particularly to 
shellac. - One reason for this view is that the natural pT’oducts, 
although they |)ossess undoubted good qualitic^s, are far removed 
from being ideal for their purposes, and might therefore be 
superseded. Another reason is that the achievement of the 
production of materials possessing the properties of r(^sins by 
methods entirely diffenmt from those made use of in nature, 
which latter are, moreov(T, still quite unknown, suggests that 
attention should be directed less to the production of definite 
structural complexes than to the achievement of a j)hysical 
condition^ which is dependent on other considerations. 

This leads us to a question, the answ(ir to which is not 

^ After internal application absolutely noririal durability w^s achieved, 
but the production of light-coloured paints fast to light was foinid to entail 
difficulties which it was impossible to overcome. 

^ Regarding a method wdiich is U'chnically possible, see (h'rman Pat. 
449,275 (Siemens- Halske, A.O.); see also J. SelHuhor and W. Noack, British 
Pat. 252,715; U.S. Pat. 1,060,094; French Pat. 010,070; Sw^iss I*at. 123,103; 
C. (1928), I, 2,402. 

* Regarding the synthesis of constituents of gfiaiaeiiin rosin, see O. Doebnor 
Arch. Phalrm.y 234, 010, 1890). • 
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without importance, namely, as to whether the causes for the 
production of a resin can be discovered or not. Such an 
inquiry embraces the question as to whether there are essen- 
tial differences between natural and artificial resins, and more 
particularly whether any such differences may exist which 
affect their technical suitability. If one were to arrive at the 
conclusion that, apart from the question of origin, there was 
an essential analogy between the natural and artificial products, 
this would entail an essential freedom in the choice of methods 
for the production of the latter, which would be of the greatest 
importance. More particularly it would then be quite obvious 
that it would be irrational to attempt to synthesize the natural 
resins, an achievement which would presumably only be pos- 
sible in a somewhat remote future. 



CHAPTER J1 


THE TYPIOAL PROPERTIES OF RESINS 

• 

According to A. Tschirch.^ the conct^fitioii of a “ resin ” is 
purely empirical. Apart from vegetable origin, the decisive 
reasons for including a substance among tlie class of resins 
may be described as a totality of properties,’’ amongst 
which chemical (characteristics are of minor importance and 
physical ])eculiarities jM'cdoniinant, as is shown by the follow- 
ing summary- 

thiARACrrEHISTIC pROI’KRTIES OF l{ ESINS 
A(^(H)KD 1 NG TO A. Tscnrucui 

1. Veg(‘tab]o origin. 

2. Insolubility in waUu*. 

3. Solubility in alcohol, or in etlier, or in both. 

4. Relative insolubility in jietrohmm ether. 

5. Softening on heating. 

(). Fusibility, witli fornjation of a more or less clear, 
adhesive li(]uid. 

7. Adhesive cliaracter of the solutions. 

8. Pi'o[)erty of the alcoliolic solutions of drying to form a 
transparent varnish, \.i\ capacity for forming films. 

9. Relative ncsistaiuce towards reagejits. 

10. Complete resistance to jmtrefaction. 

11. In some cas(^s formation of resin soajis on treatment 
with alkalies. 

12. Burning with a sooty flame. 

13. Complete resistance to rancidity, etc. 

The first point to be noted is that the aliove table is inapplic 
able to certain undoubted natural resins, as the eojials and 
amber, for example, do not show the above solubility rela- 
tions, or at most to a very insullicient dc^gree. On the other 

. • 

^ Dfic Ilarze und dir Harzbrhditei’, Second Edition, {190r>), p. 3, 

• • 13 
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hand, numerous artificial products comply with all the require- 
ments, naturally with the exception of the vegetable origin. 
It therefore appears very questionable whether the origin of 
any substance should be considered as in any way decisive 
as to its classification amongst the resins, if the other condi- 
tions are fulfilled, even^though the definitions of Tschirch were 
otherwise retained. 

One might be tempted to include both natural and artificial 
resins under a new collective name, and to reserve the term 
“ resin ” for otherwise conformable vegetable secretions, but 
one may well decline to adopt tliis view, as age-long custom 
has established the use of the word “ resin ” in all the arts, 
and the distinction now usual between the “ natural ” and 

artificial ” products is quite sufficient. It would, how^ever. 
be a mistake to consider the origin as in any waj^ characteristic. 

The external character of any material is the first criterion 
for its recognition as a resin. A vitreous-amori)hous texture 
already suggests a resinous character, whilst a further recogni- 
tion of the oi’igin and character of the prodiict is largely a 
matter of personal exjierience; in the ease of natural resins 
such furtlu^r recognition is not especially difficult. The vitreous- 
amorphous condition may, however, be nqfiaced by a clouded 
amorphous or even a clouded crystalline appearance, without 
excluding the material from the category of resins. As a fur- 
ther criterion one must study the behaviour of the material 
on heating, and more })articularly that of the cooled melt. If, 
for exampkj, the latter shows no tendency to crystallize over a 
considerable time, there is no reason why it should not be con- 
sidered to be a resin ; certain varieties of colophony and benzoin 
resin are fairly frequently clouded crystalline in character. 

This circumstance shows that the term “ resin ’’ character- 
izes a physical condition rather than any particular material 
composition, and the maintenance of a so-called amorphous 
condition is characteristic of the resinous state. It would, of 
course, be erroneous to consider the terms “ amorphous ’’ and 
‘‘ resinous ” as synonymouSj for resins are further character- 
ized by the property of being capable of forming films. 

Tschirch recognized tlfe importance of this character by 
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requiring that the alcoholic solutions of resins should dry to form 
varnishes. In this form the criterion is certainly too limited, as 
on the one hand by no means all resinous products are soluble 
in alcohol, and on the other allowance must be made for the 
degree of ripening, or of condensation or polymerization in the 
case of artificial resins. With regard *to solubility, it is cer- 
tainly inessential whether the solvents alcohol and ether are 
effective, or whether the solubility in petroleum ether is small. 
The only decisive question is whether the material is soluble, 
and whether the solutions possess the characteristics of a thin 
varnish, that is, whether they form a film when a thin layer is 
evaporated. It is not even justifiable to demand that the solu- 
tions in every solvent shall have the character of a varnish. 
Thus, for examjile, a solution of sandarao resin in alcohol forms 
a clear and continuous film, whilst the solution in a mixture 
of 75 per cent of ether and 25 jier cent of bc^nzene leaves a 
dull residue. The solutions of many natural resins in carbon 
tetrachloride also form dull films. If in the case of the solu- 
tion of sandarac resin in a mixture of ether and benzene the 
proportion of benzene is increased, or if other mixtures are 
used, the dull film may even lose all internal cohesion. Resi- 
dues are then obtained which resemble those which are always 
obtained from amorphous, non-resinous materials, when de- 
posited from solution. Similar conditions can easily be obtained 
with the artificial products. ^ 

If one therefore rc^cognizes the necessity of requiring, apart 
from solubility, the varnish -forming character in the case of 
solutions in suitable solvents only, one can but reasonably 
admit that the special condition of the product must be 
allowed for. It is clearly impossible to deny the resinous char- 
acter of amber, because it does not conform to the too rigid 
conditions laid down by Tschirch, and more particularly because 
it is not directly able to form varnishes. (The same considera- 
tions apply to certain artificial products v hich, in their “ final 
state, considerably exceed even amber, after its millions of 
years of ripening, in resistance to the action of solvents, whilst 
the corresponding ‘‘ primary ” resins readily form varnishes. 

• ' 1 See H. Wolff, Farbenztg., 25, 668^(1919* 20). 
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Every resin originates from raw materials which do not 
themselves show any resinous characters. The development 
of the processes leading to rcsinification depends on a number 
of factors which can obviously not be readily established in 
the case of the plant, whilst when preparing artificial products 
they can at least be af)proximately determined. Preliminary 
compounds are first formed, which ultimately produce the actual 
resin. The farther transformation of the product is then merely 
a consequence of hitherto latent potentialities of reaction, the 
more or less complete course of which is dependent on special 
conditions. The sequence of reactions in the formation of both 
natural and artificial resins are tabulated below — 


Natural Hksfns 

Unknown primary matorials. 
Unknown int(‘rm<‘<liat(' rompouncls. 

HalBaniB. iurjx^ntinos. 

Rocent. rcHins. 

Recent foHsil rcHins. 

Fossil resins. 


ARTTFiriM, Resins 

Known ])rimary inatorials. 
Intermediate compounds, iimially 
known. 

Liquid rosinous products. 

Soluble “ primary ])rodiicts.” 

“ Jntermediate products ” softened by 
beat, wliicb fxclatinize with solvents. 
“ Final ” ])roducls. 


These two reaction sequences, tabulated above, are com- 
pletely analogous, but the periods within which the various 
processes are n^alized can he enormously shorttuHnl in the case 
of the artificial jtroducts. Jbit just in the same way that a 
fossil resin originally possesst'd recent characters, so an artifi- 
cial end product necessarily ptisses through the intermedi- 
ate stage of a soluble resin. Therefore in deciding wht^ther 
any particular product is, in fact, a resin, the decision must 
not rest solely on the mutual condition of the sample, but 
regard must be jiaid to the preliminary stages through which 
it has passed before a decision can be made. If thcvse prelim- 
inary stages corresj)ond to tlu^ characters expected of a resin, 
then the ])roduet which has rijiened or been artificially altered 
until it no longer remains in the soluble and fusible condition, 
is still a resin. 

The above considerations^ show that when investigating the 
causes of the resinous condition, one may confine oneself to 
phenomena which characterize both recent natural resins and 
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soluble, “ primary ” artificial resins. Apart from the question 
of solubility, which has already been dealt with, all those 
products show the property of gradual softening when heated, 
followed by undecomposed melting to form a more or less clear 
and adhesive liquid. Tschirch emphasized both these peculiar- 
ities, which are characteristic of mixtures of substances, which 
possess the property of mutual solubility. 

No characteristic chemical criteria are available, and no stich 
criteria are cited by Tschirch. For the chemical inertness is, 
of course, merely a consequence of the neutral character of 
the substances present in the mixture. It must not be con- 
cluded from the occasional pro])erty of resins of forming resin 
soaps that constituents of similar characteristics, i.e. acids, 
esters, lactones, or anhydrid(‘s, are necessarily always ])resent. 

It is logical to reserve the term resin ” for mixtures of 
organic substances, a view endorsed by Tschirch by the require- 
ment that the substance shall burn with a smoky flame, a| art 
from his requirement, now abandoned by us, that it shall be 
of vegetable origin. 

We may therefore, ])rovisionally, accept the following char- 
acteristics of resins— 

(a) Organic comj)osition. 

(b) The character of a mixtun' of mutually soluble constitu- 
ents. 

(r) Solubility in suitable solvents. 

{d) Capability of forming films on eva])oration of the vola- 
tile solvent used for solution. 

In consideration of what we have already discussed w(' may, 
therefore, piopose the following definition — 

“ Resins ” are natural or artificial mixtures of organic sub- 
stances, which at any rate originally possess the properties of 
solubility, of softening gradually, of fusibility, and also of separ- 
ating from solutions in suitable solvents’ on evaporation of 
the same, in the form of films. 

This more or less descriptive definition of that whicb may 
be considered to be a resin calls for criticism, in so far as it would 
include various substances as resins which are not customarily 
included in that category. 
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Thus Tschirch already included in his characteristics insolu- 
bility in water. This must be considered as something more 
than the statement of a requirement which is frequently of 
technical importance,^ as it also excludes the vegetable gums 
and mucilages, which are of carbohydrate character. From 
certain standpoints oi*t^ may agree with this limitation, but it 
is impossible to ignore the fact that these carbohydrate products 
show essentially resinous characteristics in many respects ; 
more particularly, they also form films, and they cannot 
readily be distinguished from resins, even by an experienced 
specialist. The fact that some of these products cannot be 
melted without decomposition is not decisive, bc^cause insolu- 
bility and irifusibility do not necessarily go together, and a 
material may be both solubles and infusible. Thus in a cer- 
tain sense artificial products of carbohydrate character, such 
as the dextrines, may possess resinoid characters, which are 
entirely in accordance with their film-forming character. More- 
over, such substances are association-colloids (see page 54) 
which include many nuunbers of resinous character. 

Asphalts, pitches, and bitumens, of both natural and artifi- 
cial origin, must certainly be included amongst the resins. 
Evcui th(^ natural members of this group must be considered 
to be in a s(‘ns(^ artificdal, for they have not been produced 
by any ])rocess comparable with the secretion of ordinary 
resin, but by a serums of destructive and synthetic reactions 
which, ill spite of the absence of human interference, are of 
essentially tlu' same character as artificially regulated processes. 

Fatty drying oils are not themsedvos resins, but serve as raw 
materials for tludr prodiu^tion, as the oxynes which are formed 
from them by a complicated series of reactions are of undoubted 
resinoid character.- Moreovtu*, the n'actioiis leading to the for- 
mation of such oxynes pr(‘su{)pose polymerization, of which the 
reactive constituents of the fatty acids are capable in virtue of 
their unsaturattMl complexes, either directly or after oxidational 

^ The solubility of a resinous j^roduct in water may on occasion be very 
desirable, particularly if the tihn vjiicli remains after evaporation of the water 
may become insoluble in that liquid, as in the case of certain new products, 
the “ Schellan ” products. • 

* See A. Eibner, Atnicin., 36, 34 (1923). 
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change.^ Moreover, there exists a far-reaching analogy between 
substances capable of j)olymerization, which by that means 
produce resinous products, and the fatty drying oils.^ 

It is more difficult to decide whether the cellulose esters 
should be classified as resins. These products undoubtedly 
comply with all the requirements of the^^h^finition given above. 
There, therefore, appears to be no justifiable reason for exclud- 
ing them from the category of resins. The circumstance that 
they are united as a definite group of chemical individuals can- 
not be considered as an argument to the contrary, for, as will 
be shown later, it is necessary to regard the resins as matter 
in a special state, which happens to occur regularly under cer- 
tain conditions which are always present in the case of the 
cellulose esters, and this circumstance in no way entitles one 
arbitrarily to exclude this class of substances on the grounds 
of their chemical constitution. 

In general, the above definition obviously loaves room for 
individual personal opinion. As soon as the old definition of 
a resin is dropped, with its dogmatic insistence on the require- 
ment of vegetable origin, which makes the collective classifica- 
tion of these very varying vegetable secretions relatively easy, 
and when the attenij)t is made to apply an old term in a modern 
sense, one is naturally more or less exj)()sed to difficulties of 
delimiting the definition in its new sense. Such difficulties 
would occur in any attemi)t to co-ordinate a group of sub- 
stances on consistent principles under any collective name, 
whether new or old. It seems very doubtful whether the 
adherents to the old, and certainly obsolete, definition of a 
resin would gladly acquiesce in any other collective descrip- 
tive term, of which many are possible. 

Having now endeavoured to define in general terms the 
properties which characterize resins, we may attempt to 
investigate the real causes which underlie these peculiarities. 

1 See J. Scheiber, Angew,, Farbe und Lack (1926), 296; (1927) 76; Chem, 
UmochaUf 34, Part I (1927); Angew., 40, 1279 (1927); see also A. Eibner, 
Farbe mid Lack (1926), 378, 403. 

2 This is particularly clear from the bt*haviour of olive oil, which is ord- 
inarily considered as the typt^ of a non-drying oil. If this product is exposed 

, to the rays from an ultraviolet quartz lamp, n^ormal drying occurs. (See A. 
Eibner and. H'. Rasquin, Chefn. Umschau, (1926), 36.) This behaviour is very 
similar to the phenomena characteristic of j)hotopol)^morization. 
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GENKRAL CAUSES OF THE EXISTENCE OK RESINS 

• 

If a solution of a solid substance is evaporated, the following 
may occur— 

(a) That portion of the dissolved su])stance which is in 
excess of the limit of solubility may separate in the form of 
cry dais. 

(b) The solid may separate in the form of an amor[)hous 
deposit, 

(c) No visible separation of material occurs, but the solu- 
tion steadily beconu's more viscous as the concentration in- 
creases, and the solid mattei* finally nmiains in the form of a 
vitreous mass. 

The plienomenon described under (c) is chara(!teristic of 
resins, but it should be noted tliat the alternatives d(‘scribed 
above by no means necessarily occur exclusively, and that, 
on the contrary, any possibles intermediate conditions may 
occur. 

Regarding the causes for tlie occurrence of one or other of 
the above alternatives, certain conceptions ha v(‘^ been developed 
by V. Haber^ and ])y P. P. von Weimani.“ 

Aeconling to Haber, whenever the saturation limit is ex- 
ceeded, that is, whenever deposition occurs through aceumula' 
tion of solid or concentration of a solution, the character of 
the deposited solid material, amorphous or crystalline, is 
decided by the relation betweem the so-calk'd Velocity of 
Agglomeration (H) and the so-called Veloc^itv of Orientation 
(()). The agglomeration velocity depends on the degree to 
which till' local Concentration of the molecules in question 
exceeds the solubility limit, and on the di'gree of mobility of 
the molecules in the liquid from which they separate. In 

^ Her., 55, 1717 (1922). 

Son moro I'ftpocially thu smmnuiry by T. I*, voii Wounarn ai^l T. Hagiwaraf 
KoUoidchem. Hvihvjtv, 400 (1927). • 


•20 



GENERAL CAUSES OF EXISTENCE OF RESINS 


21 


(3onsequence of the increasing zone of molecular attraction, 
due to the kinetic energy of the heat, linkages occur of a loose 
and irregular charactiT, forming agglomerations which, when 
of sufficient size, arc visible as flocks (amorphous flocks). The 
greater the agglomeration velocity, the more irregular will be 
the association into heaps which is essentially ruled by chance. 
Thus there arises a tendency to the establishment of equili- 
brium, which is accompanied by a loss of free energy. The 
Orientation Velocity is the velocity of conversion of the flocks 
into space-lattice orientations. 

Thus H>() indicates predominance of the amorphous state ; 
and H<;0 indicates predominance of the crystalline state. 

The possibility (c) at the beginning of this chapter is, undoubt- 
edly, associated with predominance of the amorphous state, as 
the occurrence of vitreous structures is essentially a peculiar 
form of amorphism, so that the conditions just described as 
characteristic for the development of ordinary amorphism must 
ap])ly in this case also. We must therefoi’e determine the differ- 
ences betw^een ordinary and resinoid amorphism. 

We have already pointed out (Chapter 11) that the property 
of forming films, which is characteristic for resins, is largely 
dependent on the choice of a suitable solvent when preparing 
the necessary varnish.’’ Although some resins are not par- 
ticularly sensitive in this respect, it is a general practical ex- 
perience that among the available solvents a selection must 
be made with great care in order to obtain a film of the best 
possible quality. Therefore a film is certainly a structure in 
the formation of which the solvent plays a dominant part. 

This fact can only be explained by assuming that a mutual 
effect is exerted between solid and solvent, upon the influence 
of which the character of the film depends. In the nature of 
things this can only take the form of solvatation (solvate 
formation). 

The act of solution of any substance is actually a solvata- 
tion process, as has been emphasized more j^articulaiiy by 
von Weimarn.^ This applies not only to true solution, but also 
to the formation of dispersions which must be considered 

• ^ Kolloid-Ztschr., 2, 203 (1908). 
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colloidal. In the case of resins, which are always mixtures, 
the character of the solutions will be especially complicated, 
as the individual constituents will be dispersed with varying 
degrees of facility and to varying extents. In any case, regu- 
lar solution can only be assumed in relatively few cases. There 
is the additional complication that at the commencement of 
the saturation processes leading to the formation of a film, 
association may lead to the formation of colloidal phases with 
increased concentration, and this applies even to systems which 
are originally molecularly dispersed. 

The more definite the lyophilic character of the individual 
constituents of the resin, the more favourable will be the condi- 
tions to the formation of a gel -structure, that is, of a film. Any 
circumstance's which cause lyophobic characters nmst impair 
the possibilities of film-formation to a greater or smaller extent. 
These considiTations furnish tlie key to an ('xpln.nation of the 
wide variathuis in film-forming caj)acity of one and the same 
resin. Moreover, they partially explain the difference between 
ordinary and resinoid amorpliism. 

We must also take into account another factor which plays 
an important part in the behaviour of resins, namely, their 
charactei* as mixtures. In order to })roduce a resin it is in no 
way sufficient iiktcIv to mix any unselected materials at ran- 
dom, as the constituents of the mixture must, so to say, be 
mutually suitable. If this condition is fulfilled, each of the 
ingredients taken singly, that is, in the pure state, may be 
capable of crystallization, and nc^ed by no means be amorphous 
in the ordinary sense, lii fact, the investigations of natural 
resins so far carried out have led to the discovery of the 
presence of very considerable quantities of well crystallizable 
constituents, and the circumstances are quite analogous in the 
case of artificial resins. 

Although for the time being it is difficult to explain in detail 
the conditions whicli mixtures must fulfil in order to constitute 
resins, it may be said that the power of mutual solubility is 
certainly one of the main ^factors. Regarding the necessary 
chemical conditions, no conclusions can be drawn at present 
from the investigations of natural resins. But from* certain 
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possibilities of production of artificial resins, which certainly 
owe their film-forming properties but very little, if at all, to 
colloidal phenomena, one may draw the conclusion that the 
conditions are especially fulfilled by mixtures of substances of 
the same chemical character. 

This conclusion is of importance, as according to the view of 
various investigators^ the conditions for the formation of sol- 
vates are particularly favourable when the solute and the 
solvent possess groups in common. In the case of substances 
of the same chemical character, for example, mixtures of 
isomers and homologues, this condition is obviously fulfilled. 
It may, therefore, be assumed that in such admixtures the 
part otherwise played by the volatile solvent may be fulfilled 
by one or Other of the solid constituents of the resin mixture. 
A dry film produced in this manner owes its character to the 
presence of a solid solution, or to that of a super-cooled melt, 
which is much the same thing. 

Resinoid amorphism is thus characterized by the fact that 
it usually occurs in lyophilic mixtures, the individual constitu- 
ents of which possess a more or less marked degree of mutual 
solubility. 

In order to deal with a possible objection, we will here draw 
attention to the following : Even in the case of a resin contain- 
ing constituents which undoubtedly possess mutual solubility, 
naturally no film formation can occur if the homogeneity of 
the system has been largely destroyed by previous desolva- 
tion, or by precipitation of certain constituents. This case 
occurs, for example, if a relatively non-volatile non-solvent is 
added to a readily volatile solvent, by the evaporation of which 
alone normal film-formation occurs. If such a solution initially 
shows normal, that is, clear, character, the degree of dispersion 
may already have been affected. But the degree of dispersion 
is more particularly affected as the more volatile component 
of the solvent evaporates, as a steadily increasing proportion 
of the non-solvent is then present. As soon as this leads to 
the separation of important constituents of the resin the film- 
formation must necessarily be impaired. This process may be 

* ^ E.g. Fredenhagon, Zts. phya. Chem.f 98y 66 (1921). 



24 


ARTIFICIAL RESINS 


carried so far that, in the solidifying system, ordinary amorph- 
ism ultimately replaces resinoid amorphism. If a rough, dull 
film, produced in this way , is then melted, that is, if the separated 
resin constituents are allowed to exercise their mutual solu- 
bility, a normal film is formed on cooling. The same effect is 
produced by the action of the vapour of a suitable solvent. 

Thus according to Haber’s views, resins must be considered 
to be a sub-class of amorphous substances, namely, those in 
which the agglomeration velocity attains and maintains an 
effective predominance over the orientation velocity. We must 
now investigate what causes may maintain the former large 
and the latter small. 

Haber bases his views on thosc^ of Tamrnann,' who deals with 
the queistion of supercooled melts. According to Tarr , a 
supercooled melt of a single chemical individual represents an 
immense, random heap of molecules, the further history of 
which depends on the orientation velocity. The orientation 
process itself, that is, the crystallization, may be divided into 
two stages, g(irrn formation and germ growth. According to 
the experimental evidence germ formation in the supercooled 
melt is very remarkably retard(‘d, particularly at temperatures 
much below the melting point, in the case of molecules con- 
taining a huge number of atoms, as is efften the case with 
organic compounds. But (*ven after germs have been formed, 
they may or may not be able to grow. In general, tlic low 
temperature at which germ formation occurs is not favourable 
to further growth. 

This behaviour is explained by Haber as follows- — 

Th(* individual nioluculcs in tlu* random niolecidar hi^aps are not 
fixed. The fore<»s witli which th(‘y interact t end to re-aiTang<‘ them into 
a spac(*-lattic(! form in whicli the jiotential enerj^y is at a minimum. 
Jn the crowd(Ml ai^gregate within whi<-h tlie molecules are located the 
development of tlu'se molecular forces is the more retarded the more 
the molecules are intrt‘rlo(‘k(‘d. The motion duc» to lieat facilitates the 
orientation process by means of molecular imjiact s of suitable direction 
and stnuigth, as long as it does not beconu* excessive. . . . The stability 
of the first ori<jntated molt*<mlar aggregates, which comprise a few 


^ Kristallisiercn und OSchmdznU 

( 1922 ). 

2 Loc, cit, pp. 1720 1721. 


Leipzig (1903); Aytjrcgatzuiftdndet Leipzig 
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molecules only, requires a temperature which is appreciably and even 
very greatly below the melting point, as these early aggregates represent 
a very much weaker jissociation than do the larger crystals. This can 
be easily realized from the considei*ation that the process of crystal 
growth is due to attractional and i'ef)ulsive forces, of which the attrac- 
tional forces diminish more slowly with incrc'asing ilistanco than do 
the repulsive forces. Conse(piently th(‘ repulsive foi ces affect the neigh- 
bouring molecules only, whc»reas the attractional forces are active over 
a wider distance and ther(*foi*e cause a rigidity of association of the 
molecul(*s of larger crystals which is lacking in the smaller orientated 
groupings. 

Experiments by von Pickardt^ liavo shown that the crystal- 
lization velocity of a. substance which normally crystallizes 
easily and rapidly, namely, benzophcnonc, is very considerably 
decreased by the addition of very minute amounts of soluble 
mi * ^s. By taking this fact into consideration together 
witli the views enunciated by I’ammann and by Haber, the 
cause of the resinoid state can v(Ty w(‘ll be explained on the 
supposition that the mixtures in (piestion possess to a greater 
or less extent the cliaraetor of su]>ercool(Hl melts, in which the, 
at least partial, mutual solubility of the constituents still fur- 
ther reduces the crystallization v(‘loeity, whkdi is in any case 
small, on account of the large and complicated molecular 
structure of the constituents. 

P. P. von Weirnarn- has piiblishcMl a number of objections 
to the views dev(*loped by Haber, which must be considered 
more closely, as he develops a standpoint which appears to 
explain the jdieiioinena with whicdi w( are concerned more 
clearly tlian is possible on the basis of the agglomeration and 
orientation processes. 

Von Weimarn points out more particularly that it is cpiite 
inconceivable why the landom heaps of molecul(\s should at 
first maintain an “ extremedy arbitrary ” form, instead of 
immediately forming spluues, which would (H)rrespond to the 
tendency to attain a minimum of free cii^ei’gy, that is, why 
crystals of the same size as the actual flocks sljould* not form 
immediately, as otherwise the forces which cause the forma- 
tion of the molecular clusters would appear to differ from those 
causing crystalline orientation, whibh is scarcely probable. 

1 Ztftrhr. /. phtfs, Ckcm., 42f 17 (1902). 

• 2 KoUoidvhcm. hfihtjtc, 23. 400 (J927). 
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As a result of work extending over many years, ^ von Weimarn 
has developed the view that there is no such thing as a truly 
amorphous solid state, but only ultracrystalline, microcrystal- 
line and macrocrystalline structures. The only criterion of 
‘‘ amorphism,” in the sense hitherto used, is the size of the 
grain or particle. If ^his is below the limit of microscopic 
resolution the structure is amorphous,’’ whilst otherwise it is 
crystalline. 

The following observations show that the degree of disper- 
sion of the structural elements of crystalline structures exercises 
a very considerable influence on the general orientation — 

1. Solutions of readily soluble substances, possessing no 
complicated chemical composition, and which separate in the 
same crystalline form tlu'oughout a wide temperature range 
when slowly crystallized, can only be obtained in the form of 
transparent jcfllies or glasses if very small volumes are used 
and are cooled with (‘xtreme rapidity. 

2. Viscous solutions of extremely soluble substances of sim- 
ple chemical comjjosition, which can be obtained in exception- 
ally well-developed crystals by slow' crystallization, but which 
occur in several modifleations or form several compounds with 
the solvent, solidify to form transparent jellies or glasses on 
rapid cooling. 

3. Jellies are most easily obtainable from solutions which 
contain si^veral substances winch are easily soluble in the 
solvent which is used. 

4. As the molecular weight of the dissolved substance in- 
creases, the tendency to form jellies and glasses also increases. 

Von Weimarn has also ])ointed out that if molten substances 
are cooled sufficiently rapidly, or if crystalline materials are 
sufficiently disintegrated mechanically, systems are obtained, 
the orientation of w hich is so slight that in spite of their solid 
state they can no longer be practically distinguished from 
liquids. Therefore a supercooled melt is considered to be 
identical with a mechanically produced ultramicrocrystalline 
system. 

is based on von WVitnarn’s siirninary iloc. cit.), in which ‘ 
all his previous publications are cited. 
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The nucleus of von Weimarn’s views is the theory of vec- 
toriality, which is to be conskU'red as a develo])ment of M. L. 
Frankenheim’s hypothesis on the crystalline character of all 
solid bodies.^ 

The characteristic of a crystal is its construction from mole- 
cules in accordance with definite syimnetrical relationships, 
the thirty-two crystalline systems. The molecules themselves 
are also systems in space, the units of which are the individual 
atoms. The atoms wdthin the molecule manifest a definite 
mutual orientation, which is, in principle, identical with that 
of the molecules in the crystal. In order to express this iden- 
tity, von Weimarn defines both molecules and crystals as vec- 
torial ” systems, that is, as systems wdiich are orientated 
according to definite laws. In order, however, to distinguish 
molecules and crystals, the previous conception of the latter 
structures must be extended, as otherwise any vectorially con- 
structed system might be considered to bo identical with a 
crystalline structure. The theory of the v(^ctoriality of matter 
serves this purpose. 

The difi'crence between molecule and crystal, both of which 
are vectorial structures, is immediately clear if one compares 
a giant molecule of a chemically, extremely complicated sub- 
stance with a small ultramicrocrystal of the same size, for 
example, of gold. We can consider the problem from two 
standpoints, namely, from the ordinary chemical standpoint 
or from that of colloidal chemistry. 

From the former standpoint the ultramicrocrystal consists 
of relatively numerous individual crystals, and can, therefore, 
be subdivided mechanically without destroying the chemical 
structure or interfering with the vectorial ari'angement of its 
structural elements. In the case of the giant molecule, on the 
contrary, this is naturally impossible withput decomposition. 
The difference may be expressed by saying that the crystal 
consists of a “ vectorial polymerization,” whilst the crystal 
represents a finite vectorial structure.” 

From the colloid-chemical staildpoint, it is immediately 

1 Tills tkeefry was publishoil in 18.39 and has boon maintained in sxiito of 
many attacks; see^.4?in. d. Phys. u. Chemie.^ 72y 222^(1847). 
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evident that the true solution of the substance consisting of 
the giant molecules, and the disi)ersoid solution or dispersion 
oi the ultramicrocrystals, must both result in systems very 
similar in their properties. 

The conception of crystallization as v(K*,tonal polymerization 
of theoretically limitl(?Ss extent leads to tin* conclusion tiiat a 
solid substance can only api)ear as a crystal if nothing prevents 
the fundamental polymerization ))rocess. In ordcT, however, 
that the tendency to (aystallizatioii, wliicli is always ])rc^sent, 
may be exercised, the reactivity of the atoms fixed at the sur- 
face of the molecule must be able to act unhampered. This is 
not the cas(^ if the atoms in qu(\stion a.r(‘ otlu'j’vv is(‘ (*ngaged in 
consequ(mce of solvatation, and so forth. larger tlu' size 
of a mol(‘-cuIe, the smaller is th(^ free reactivity of the surface 
atoms in (U)nscquenc(^ of the tendtmey to atbudi foreign mole- 
cules, that is, molecules of the solvent or of impurities. As, 
however, desol vatation and autopurification ar(‘ (‘ssential re- 
quirements for further vectorial polymerization, it is not sur- 
prising that with increasing molecular magnitude* tiu' d(‘gree 
of polymerization required for crystallization is more dillicult 
to attain. 

It is clear that, according to the views of von Weimani. 
those mixtur(\s, which (*xperienc(‘ shows to be characteristic 
of resins, an; definitely pre(lestin(*d to be charact(;iiz('d by the 
non-develo|)m(‘nt of crystals. Firstly, the conditions .S and 4 
of page 2() are ])resent. Secondly, then; is usually a })r()noun(;e(l 
lyophilic chara,cter. Thirdly, it must In* borne in mind that 
impurities of a parlieularly active chara(;t(‘j‘ an* ju'obably 
always [)resent, and that this fact, together with th(* fact that 
the molecular (linum.sions are usually considerable, must render 
autopurification dillicult. 

This is not the place in wliich to projiouncc* a v('rdi(;t on the 
views of Maber or von Weimarn, or to o})pose the one theory 
to the other. Broadly speaking, either view' gives a quite 
satisfactory explanation of the fact that (;ertain material mix 
tures form resins. It seeuKs comf)arativ(‘Jy unim])ortant that 
one or another typical j3ro])erty of resins is. perhaps, more ^ 
plausibly explainabk' by one theory than by the otht;r. It is, 
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however, important that both theories recognize the‘ concep- 
tion resin ” to denote a physical condition, which must 
inevitably occur under certain conditions. In this way the 
very basis for any discussion as to whether the term “ resin ” 
should be reserved for substances of any particular origin is 
annihilated. For regardless as to whether the term resin is 
reserved for vegetable secretions, and some other term, such 
as ‘‘ solid jelly ” or “ organic glass,” is chosen for the condition 
characteristic of such secretions, or whetln'r, as is far more 
desirable, th(^ meaning of the term ” resin ” is extended, it 
will always hi) n('C(^ssa.ry to consider the physicuil state of the 
natural secretions and the artificial products from the same 
standpoint. 

Tt is now, however, ])ossible to give definitions of the hitherto 
somewhat vague c()nee])tion of a resin, which are in full agree- 
ment with the ])eculiariti(*s of the substance's concerned. From 
the standpoint of Hab(u*’s views on amorphisni one may define 
the term as follows — 

“ Resins ” are mixtures of organic substances, having the 
character of superciooled melts, which maintain their more or 
less definiU' vitiuous charactei* for the reason that their excep- 
tionally low ori(‘ntati()n v(‘loeity is unabh' to be exercised. 

According to von Weimarn’s views th(i definition would be 
as follows — 

Resins ” art* ultramierocrystalline organic substances or 
mixtures, the capacity of which for vectorial polymerization 
(or regular crystallization) is so weak, in consequence of 
deficient tendtaicy to adequate d(\s()lvatation and autopurifica- 
tion, that the more or less pronounced character of a “ glass ” 
may be considered as practically stabilized. 

Of course*, thes(* definitions make no claim to be in any 
sense final. Moreover, they refer quite generally to resins, 
whereas the (earlier definition on page 17, •which is based on 
other standpoints, may be considered to be more or less 
empirical. 



CHAPTER IV 


SPECIAL CATISKS FOB THE RESINOUS CHARACTER 
OF •DEFINITE MIXTURES 

The natural and artificial resins represent numerous mixtures 
of substances, which may serve to test the views which we 
have already discussed. This control by means of practical 
examples seems desirable, in order to discover whether all the 
effective factors have been considered. A special investigation 
of this character is also desirable, as it is the only available 
method of securely establishing a theoretical basis for the 
production of resins by artificial means. 

Natural Resins. In the case of the natural resinous ])roducts, 
which arc essentially available in the finished condition only, 
an investigation of the causes of their resinous or vitreous 
condition can only be based on analytical results. In s[)ite of 
the very great imperfection of our knowledge in many respects, 
it may be stated that the r(‘sults of such investigations show, 
as a general rule, that these materia.ls always consist of mix- 
tures, which are usually very comf)licated ; the isolation of the 
individual constituents often fails on account of insuperable 
difficulties. 

This condition of admixture is, without doubt, a factor which 
is extremely favourable to the formation of lesin, although 
it is in itself not necessarily sufficient. In actual facd, certain 
natural resinous secretions show^ definite crystallization phe- 
nomena, for exaTnf)le, certain “ low-grade turpentines,” from 
which resin acids crystallize, benzoin resin, elemi resin, some 
varieties of colophony, and so forth. On the other hand, the 
persistence of the vitreous condition in many cases is abso- 
lutely amazing ; more particularly, the rc^cent fossil copals and 
the fossil amber have persisted as typical ” glasses ” through- 
out thousands and even millions of years ^ 

^ Compare the X-ray invest igatioms of resins by S. von Naray-Szabo, 
Biochem. Ztschr., ISr), 36 (1927f. 
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In the secretions of the so-called “ resinolic ’’ acid resins, 
according to Tschircli’s classification,^ the terpene products 
which are always present (the “ ethereal oil *’), without doubt, 
play an essential part in preserving the resinous condition. 
The resin acids which form the main part of the constituents 
are themselves substances which crystallize with comparative 
ease. If, therefore, the ethereal oil is removed, as occurs 
artificially in the industrial separation of the crude secretion, 
the turpentine, of the residue of colophony or rosin, and 
ethereal oil (oil of turpentine), the tendency to crystallization 
of the rosin, the residue of which consists mainly of resin acids, 
sometimes gains the upper hand. Under natural conditions, 
this only occurs if tlu^ main portion of the volatile terpenes is 
prevented from escaping. The turpentines obtained as products 
of the “ secondary resin flow ” must be considered to be solu- 
tions. On account of the very considerable proportion of 
ethereal oil, the concentration of these may very well be such 
that there is an exceptionally high orientation velocity (Haber), 
or very marked tendency to vectorial polymerization (von 
Weimarn) of the individual constituents, which overcomes the 
opposing tendencies, such as solvatation and autopurification, 
so that visible crystals make their appearance. As soon, liow- 
ever, as the concentration of the solid, non-volatile products 
exceeds a certain limit, no further increase in size of any 
ultramicrocrystalline structures takes place, as autopurification, 
in particular, becomes permanently less active. 

The terpene constituents have an undoubtedly strong ten- 
dency to form solvat(^s with the resin acids, which are similar 
in chemical character, and the presence of these solvates 
increases the heterogenity of the system considerably, by 
which means, from von Weimarn’s standpoint, the main- 
tenance of the vitreous state is facilitated. The very consider- 
able effect of solvate formation is evident. from the fact that 
so-called crystallized rosin, and also gum benzoin *and elemi 
resin, when dissolved in a suitable solvent form varnishes which 
produce perfectly normal films. 

, ^ Harze und Harzbehdlter, Second Edition^ 1006, p. 28; the first com* 

municaiion is dated 1900. 
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Even ordinary solvents manifest a very considerable ten- 
dency, due to solvate formation, to be obstinately retained in 
resin films, at least in small quantity. In the case of the mix- 
ture of the terpenc constituents of the ethereal oil with resin- 
olic acids, the volatility is further diminished by autoxida- 
tion, whilst in the ca.se/3f natural resin flow there is, in addition, 
the considerably diminished surface to take into consideration. 
This is the explanation of the fact that not only all copals, 
but evtai amber, still contain certain quantities of the original 
terpene mixture in more or less modified form.’ This circum- 
stance promotes the stabilization of such products in the form 
of a glass to a v(‘ry considerable extent. 

The resin acids are products, the {)e(ailiarities of which are 
manifest(*d jinmistakably in the dir(‘ction of a complication of 
the original uniform character of the constituent materials. 
With regard to the conifer r(\sin acids, it has been 

found that a whole series of isomers may occur. whi(;h show a 
very varying resistance to atmospheric action.- In particular, 
the sajjinic acids, which may be rcgaided as natural products, 
are very unstabh^ and maiiifest a considerable tendency 
to autoxidatioii, with formation of more or less comjdicated 
mixtures of su))stanc(\s which are in part loosely interallied. 
It is not surpiising that in this maniuM* the commencement 
(3f visible crystallization is very considerably retarded, and 
that, as confirnuHl by actual observation of lecent fossil and 
fossil products, this actioji, conibined with the effect of the 
presence of the ('tJuTcal oil, maintains tlu‘ n'sinous condition 
permanently. 

Other factors, undoubtedly, ])lay a part. Thus resinolic acid 
resins contain, more ])articularly, so-called resenes, which it is 
in many cases alimist im]K).ssible to separate from the resin 
acids, although the rescues an? neutral substances. As unsuc- 
cessful attempts to purify resin achls have shown, these resones ^ 
are substances which are exceptionally easily i)eptonized, and 

^ Soe A. Tschirc'h, Harzv und Harzhehdltvi\ Second Edition, 190(), p. 742. 

^ See O. Aschan, ('hem. ZUj.. (1024), 149 160. 

* See, for example, tlie coniTnunicalit)ns of F. Horrmann and N. Kroll 
on the purification of Manilltl copal aeid, Arvh. Pharni.^ 205 1 214 (1927); 
see also J. Scheiber, Ann*, 455, 52 (1927). 
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may, for example, pass smoothly into solution in alkalies, 
together with the resin acids. Relations must, therefore, cer- 
tainly exist between resones and resin acids wliich oppose 
autopurification of the two classes of substances, and the 
growth of any ultramicrocrystals which might have formed ; 
this amounts in practice to a direct inftience in favour of the 
resinous condition. 

The phenomena wliicb take place during the so-called ripen- 
ing process also, no doubt, exercise a considerable influence. 
This certainly includes a number of reactions, the chief of 
which are autoxidation and polymerization processes. We 
have already stated all that is necessary with legard to the 
former. With regard to the latter grou]) of reactions, which 
endow the resin to a greater or less extent with the properties 
of a typical colloid, their stabilizing eflF('ct on the resinoid condi- 
tion must certainly consist in es])eciallv marked solvatation 
with the etherc^al oil, and in increased (tornplexity of the mix- 
ture as a whole and increased size of the molecules. Bearing 
in mind the fact that amber lias been unable, in the course of 
millions of years, to exercise tlu^ tendencies to regular crystalliza- 
tion which are undoubtedly present, the sum total of tlie retard- 
ing influence's must, m fact, be very considerable. 

Tt is clear, that altlumgh our eonce])tions of the conditions 
are, without doubt, incomplete, the special causes for the 
resinoid condition of the resinolic acid resins and of the main- 
tenance of this condition throughout geologic^al periods are 
now recognized in princif)le. 

For the other grou])s of Tschirch’s classification of natural 
resins, the attem])ts to explain the occurrence of the resinoid 
condition rest fiindamentaHy on the same basis. In the cavSe 
of some of the substan(;es in (piestion. etliereal cnls play but 
a small part or none. But in every case one or tlu‘. other factor 
is present in addition to the com})lexity of’the mixture, which 
is always recognizable, and together these ensure the continu- 
ance of the resinoid condition, at least tliroughout definite 
periods. In the case of benzoin resin, which is characterized 
by a relatively strong tendency for the development- of plainly 
visible crystals, the factor, other tlian material complexity, 
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which maintains the resinoid condition, is the tendency to 
autoxidation of its main constituent, liibanol-(coniferyl)- 
benzoate;^ in the case of the other products, classified as 
‘‘ resinotannol resins,’^ it is the tendency to autoxidation of 
other complicated, unsaturated groups of compounds.^ In the 
case of shellac, which pccupies a special position as a product 
of animal metabolivsm, the wax which is present plays a cer- 
tain part, in addition to the heterogeneity of the resinoid con- 
stituents, which must be considered as a mixture of various 
lac tides. ^ 

The effect of the various stabilizing factors will, of course, 
vary from case to case, as it is in every case depemdent on the 
composition of the particular mixture. It is, therefore, not 
surprising that products occur among the natural resins, the 
resinous character of which varies considerably and is, in some 
cases, by no means very definite. One may draw the conclusion 
that there are undoubted reIationshif)s between the resinoid 
character and the chemical constitution of the components of 
the mixture, but the mistake must not be made of accepting 
the presence of any so-called “ typical ” groups as evidence of 
the resinoid condition. It is much more important that cer- 
tain physical peculiarities, which must in turn he considered 
as a function of the chemical composition of each molecule, 
should exist to a, marked extent. One may, in a sense, con- 
sider the relationshii)s between resinoid character and chemical 
properties of the main constituents as indirect, whilst the rela- 
tions between that condition and the physical properties are 
direct. 

It is impossible to comj)lete a discussion on the special causes 
of the resinoid state of natural resins without referring to Japan 
lac and to india-rubber products, as in these cases conditions 
arc found whicli are in one sense different, but which, on the 

^ F. RtMnitor, Arch, f^harm., 1.3,3 (]92ri), 

^ These are mostly imsaturated “ resin alcohols ” or rcsinols. According to 
A. Tschirch, Schweiz. Apoth. 53, (O, 77; (\ (1919). II, 67.3, the products 
of this class must Ijc r('gard(‘d as “ protorot ines.” 

® See, for example, C. Harries and W. Nagi'l, Veroff. Siem. Konz,y 

III, 2f 12 (1921); C. (1924), II, *1187. In actual fact X-ray investigation 
reveals the presence of definite^ crystalline nuclei in shellac resin; see S, von 
Naray-Szaho, Biochem. Ztschr., 135, 87 (1927). * . 
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other hand, may be regarded as a link with certain artificial 
products. 

On principle one could very well maintain that these products 
are not resins, and it is certainly surpri«ing that Japan lac has 
always been regarded as a resin, whilst lactiferous secretions 
were only included in the system of resins by I'schirch on 
account of their contents of substances, such as albanes and 
fluavilene, of definite resinous character.^ 

Japan lac is a lactiferous secretion from Rhus vernicifera, 
which hardens with formation of an insoluble and infusible 
product as a consequence of oxidation and polymerization 
induced by enzymatic action. It is, therefore, essentially a 
product to be compared with the fatty drying oils rather than 
with ordinary resins. Of course, Japan lac is not a glyceride ; 
its main constituent is Urushiol (Urushic acid), which is a 
mixture of pyrocatechins, substituted in the side chain by 
groups of varying degrees of unsaturation and of the formula 
(OH)2C6H3 .Ci 5H27, which formula includes the varying degrees 
of un saturation.^ Without doubt, a parallel can be maintained 
between the sum of the processes resulting in the hardening 
of Japan lac, and the sum of those leading to the drying of 
fatty drying oils. In both cases the normal link between non- 
resinous preliminary products and insoluble end-products, 
namely, the ordinary soluble and fusible resin, is missing. 
The question, therefore, arises whether Japan lac should be 
regarded as a resin, or whether in future substances of this 
character, which form “ resin ” in a similar manner, should 
not be classified as “ re\sin-!ike,’’ which would undoubtedly be 
more rational. 

In the former case the oxynes obtained from fatty drying 
oils would have to be classified as resins, as has already been 
proposed by A. Eibner.^ In that case caoutchouc products 
would also be called resins, although, in *the case of these 
products of the polymerization of unsaturated hydrocarbons, 

^ Harze mid Harzbehdlter, Second Edition (1906), p. 890. 

2 Regarding its const itution, sec Majirna, Ber.^ dO, 4.392 (1907); 42, 1419, 
3864 (1909); 45, 2727 (1912); 46, 4080 (1913); 4S, 169.3, 1606 (1915); 53, 1907 

.(1920); 55, 172, 191 (1922). 

3 Angew., 36, 34 (1923). 
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the true resinous intermediate product, characterized by solu- 
bility and other typical properties, is also often missing. 

But consequences which are, perhaps, more serious than these 
considerations would arise regarding the classification of cer- 
tain artificial products, as there is no distinction in principle 
between the natural ]y^)lymerization of the caoutchouc-forming 
hydrocarbons which are })resent in the polymerized condition 
in the latex, and an artificial polymerization.^ 

The resin -like character of all these products is. of course, 
quite comprelHuisihle in consequence of the typically colloidal 
character of tljeir constituents, which are moreover highly com- 
plex, and the only cpiestion which might, perhax)s. be raised is 
whether one should assume the presence of exc(q:)ti()nally 
viscous liquids, or of ultramicrocrystalline structures, or of 
both. 

Artificial Resins. Tlu^ artificial resins, which are in number 
and in variety of structure by no means inferior to tlic natural 
products, may be chissified according to their general methods 
of manufacture.- From this standpoint we may distinguish : 

(a) Polymerization resins; and 
{!)) ( V)ndensation resins: 

being those whitdi are primarily produced by polynKU'ization 
or condensation respectively. Jt should be added that classifica- 
tion on this basis cannot be shaj fdy defijied. as in many cas(\s 
the two operations are carriiMl out conjointly. Thus, for 
example, many initial ])roducts must be described as con- 
densation products, whilst the cu)rr(»sponding (uid-products are 
formed by polymerization. A])art fioni true polymerization, 
which is characterizc'd by structural chemical changes, associa- 
tion and aggrc'gatioii ])henc)mena occur, which affect the 
physical prof)erties of the prciduct only. 

• 

* Tho fir^iinisUiiKv tliat it is diilicull to iin]mrt to tho artiticial products 
similar colloidal properties those* possc*sscd by natural niblx*!* is, of (jourse, 
irnrnat«‘rinl <<> the* abovci <*onsiti<'rat ions. 

2 A. Gerard, I3uIL Inst. Pin. (I{»27), HU ; (1927), IJ, 20i:i, distinguishes 

reaction resin.s, })olymcrizat ion iV|,sins, and complex resms; A. Broguet, Pcv. 
Gcm. CoUoidt's, 5, (>8I (1927); (\ (192S), J, 123.5, defines tho various forms of 
phenol -formald(diydo resins as^nolocular complex, isocolloid, an^d solid colloid « 
solutions. 
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The causes for the resinous character of the artificial products 
are identical with those which determine that of the natural 
resinous secretions. No novel factors arc observed. 

In this case also, the main factor is the presence of a material 
mixture. The more complicated this mixture, the more well 
defined are the resinoid characteristics. ^Reactions which pro- 
ceed simply and uniformly never lead to resin formation. This 
is m(uc particularly evident from the results of reactions in 
which the conduct of the operation is decisive. As is well 
known, many substances which crystallize well and with com- 
parative ease, and which can be obtained in good yields and 
even quantitatively, or at least as the main reaction product, 
can only be obtain(‘d in satisfactory quantity and of a satis- 
factory degrc'e of purity if special regard is j)aid to their sensi- 
tiveness. As tlie conditions of reaction depart from a “ mild 
character, thene is inen^asing difficulty in avoiding resinifica- 
tion, that is, the formation of tarry products.” In the pre- 
paration of artificial resins, one naturaJly proceeds in such a 
manner as to ensure that the ] aim ary action shall be accom- 
panied by secondary reactions of all kinds to the greatest 
possible ('xtent. It is in such cases of no importan(i(', or only 
of (jonditional importance, to obtain any particular constitu- 
tionally defined individual substance, the required product 
being “ resin,” The considiTable degree to which even many 
chemically pure substances ai(^ su8cei)tibl(^ to subsetpunt 
change is (|uite surprising. Tims, for example, according to 
F. Raschig,* on luxating either ortlio- or ]nira-hydroxy]>enzyl 
alcohol for some considerable time it is first converted into a 
soluble and fusibk^ primary resin, which changes further into 
an infusible, insoluble final product, tims instancing all the 
steps which characterize n^sin formation. 

Apart from the chaiacter of a material mixture, which is 
in many cases alone ani})ly sufficient to endow the artificial 
products with “ resin ” characteristics, the effects of solvata- 
tion, enlargement of size of molecule, association, polymeriza- 
tion and colloid conditions, naturally all })lay a part. These 
,are all, in a sense, additional causes, \yhich increase the degree 

1 Amjew., 25, 1940 (1912). u 
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of stability of the resinous condition, which is in any case 
usually sufficient, but which more particularly ensure the 
endowment with particular pro{>erties. They fulfil a purpose 
if the comparatively simply primary resins conform to the 
necessary conditions for further transformation into inter- 
mediate and end-protlucts, but may, by association ami so 
forth, also convert an otherwise homogeneous system into a 
mixture when certain limiting concentrations are exceeded. 

The parallel between natural and artificial products is com- 
pleted by the circumstance, that the latter include materials 
in which the transformation into resin is similar in character 
to the analogous ])rocess in the case* of Japan lac, that is to 
say, the stage of primary resin is, in a sense, omitted, and the 
end-product is at once formed. As an example of an artificial 
product of this character, we may cite the glycollic esters of 
vinylacryclic acid which, under similar conditions to the fatty 
drying oils, which have already been compared to Jai)an lac, 
can be converted into a solid, resin-like substance of insolul)le 
character. The highly unsaturated hydrocarbons of the buta- 
diene and other similar serums also frequently possess the 
property of bfdng convertible into resinous products which are 
also frequently of colloidal character, and in these cases also 
there is frequently no intermediate formation of any soluble 
or fusible product. 

Consideration of the special causes fi)r the resinous character 
of specific natural and artificial resins certainly indicates that 
there can b(^ no question of any typical distinction between 
the two classes of products. 
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THE RELATIONS BETWEEN RESINOUS CHARACTER 

y » 

AND CHEMICAL CONSTITUTION 

We have already mentioned (Chapter IV) that in consequence 
of its definitely physical character, the resinoid state is only 
indirectly connected with the chemical constitution of the sub- 
stances concerned. Although, therefore, no such definite rela- 
tionship exists as in other cases, where it is direct, and where 
a “ typical group ’’ plays a dominant part, the influence of 
.chemical composition can by no means be ignored. It is, there- 
fore, desirable to investigate these relationships. 

The preceding considerations have rtq)eatedly drawn atten- 
tion to the very great influence extorted by suitable admixture 
of substances on the production of the resinoid condition. If 
it were merely a question of a mixture as such, it is evident 
that any mixture whatsoever of organic substances would pro- 
duce a resin, which is, of course, not the case. Certain neces- 
sary auxiliary qualities must, therefore, also be i)resent, which 
enable the individual constituents to interact. We have already 
explained in detail that the capability of the system as a whole 
to form a solid solution or supercooled melt, and to persist in 
this state, must be considered as a result of the required 
auxiliary qualities, and these must, therefore, necessarily par- 
take of the character of solubility or fusibility relationships. 

These properties must obviously be associated with the indi- 
vidual com})onents of the mixture, and must be present to a 
sufficient minimum degree to ensure resinoid conditions, 
although it is preferable that such properties should be avail- 
able in ample degree. 

The so-called miscibility of two or more substances which 
is requisite, presupposes that at least one of the components 
is fusible, and that when melted it acts as a solvent of the 
^other components. If this property is sjjiared by more than one 
componeilt, and if the solvent action of tjie various melts is 
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mutual, this must be considered as a particularly favourable 
circumstance, as by this means the occurrence of zones of 
mutual insolubility is avoided. Moreover, if the mutual solu- 
bility of the melts is well developed, one may be certain 
that the condition of a solid solution or supercooled melt 
which is established on lowering the temperature sufficiently 
will be correspondingly stable, a condition vhich will also be 
favoured by the circumstances referred to earlier. (See page 
21, ei seq.) 

The required conditions of admixture may be expected to a 
favourabhi degree* if the main constituents are of chemically 
allied character, as mutual solubility attains a maximum when 
solute and solv(*nt are of similar chemical composition. Of 
course, the n(*cessary conditions may quite well also be fulfilled 
with mixtun^s of chemically dissimilar constituents, but in such 
cases eonsiderabh* fi(*lds of mutual insolubility may be expected. 
Such possibilities j(q)r(‘sent a definite menace* to the stability 
of th(^ resinoid condition. 

Resins which arc, in a. s(‘ns(‘, homogeneous, such as normal 
natural secretions and artificual products pi*odu(H*d by a ty])ical 
reaction, actually and demonstrably fulfil the condition which 
has just Ix'cn described as favourable, of consisting essentially 
of chemi(^ally similar ingr(*dients, so that this characteristic 
may be consid(*red to be tlu* rule. It is jiatural that mixtures 
which thus comply with the condition of consisting of (dn'mic- 
ally related componejits should show a sj)(‘cial and far-reaching 
external similarity, on wliich the particular chemical nature of 
the material exercises no practical inffiH'iux'. h^)r this reason, 
it is possible to grou]) together under the designation of resins 
a number of materials which show the most extreme varia- 
tions in chemical composition. That which is in other cases 
effected by a typical grou]), ’ nanu'ly, tlu* grouping of numer- 
ous individuals with almost arbitrary main chemical nuclei to 
a single chemical class, is in our case effected by what may be 
described as a “ typical admixture ” which leads to an equally 
characteristic physical chaiiacter. This conception is, of course, 
of fundamental importance, as it shows that the resinoid condi- 
tion must merely b<i considered as a function of the conjunction* 
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of suitable components of a mixture, and that otherwise chem- 
ical conditions are requisite merely to the extent that they 
govern the suitability of the several constituents. 

It would, of course, be wrong to deny all importance to the 
chemical nature of the components beyond the limitations just 
indicated. Although the conception of resin undoubtedly 
entails but very slight chemical limitations, this is not the case 
when considering those properties on which the technical 
application of any such product depends, for solubility condi- 
tions, chemical inertness, colour, fastness to light, and so forth 
are, of course, direct results of the chemical character of the 
components of the material. Moreover, the esf)ecially important 
property of a resin of convertibility into insoluble and infusible 
final products is directly dependtmt on its chemical nature. 

Although chemical similarity of the components is of funda- 
mental importance, compliance with this condition is only 
necessary within certain limits. Occasionally, too great a 
chemical similarity between the components may even con- 
stitute a direct disadvantage. This is particularly the case for 
products which are destined to be “ hardened,’’ that is, to 
undergo further conversion. Were all the components equally 
reactive during this process, overhardening would result, and 
would lead to very many disadvantages such as brittleness, 
tendency to the formation of cracks, incapacity for being 
worked, and so forth. ^ If, how^ever, certain constituents only 
take part in the reaction, this l(\ads to the producjtion of a 
framework within which the unchanged components, or those 
which remain in the (earlier stages, are distributed. In order 
to achieve the advantages arising out of these conditions, 
namely, increased elasticity and high mechanical strength and 
hardness, the components of the framework must ])ossess a 
certain degree of solvent and gelatinizing capacity. Products 
of too different a chemical character do n»t always display 
these qualities to a sufficient degree, whilst accompanying con- 
stituents of the more chemically active comj)oncnts, which are 

^ This caso actually occurs, for oxarnplts^in the ease of certain phcnol- 
forinaldchy(lf> products. It is prcvt*nted by the addition of substances of 
differing character, which are ihemseives ine^t under the* conditions of 
fraction. 

4 -~( 5647 ) , 
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of similar chemical nature, such as isomers or homologues, 
almost always possess proi)erties favourable to the purpose. To 
the extent, therefore, that the reactivity of the various repre- 
sentatives of a group of chemical similar components varies, 
which may almost always be assumed, chemical similarity of 
the components of th^^ mixture is a specially favourable factor. 

Fundamentally, this is equivalent to the utmost possible 
tendency to solvatation, the importance of which for the pro- 
duction of resinoid characteristics has already been emphasized. 
As any solution process, whether in an ordinary liquid or in 
a melt, always impli(;s solvatation, the components of the resin 
must possess properties which favour this process. Solvates 
may be considered as molecular compounds, the formation of 
which postulates a sufficient polarity of the interacting indi- 
vidual molecules. Such a process, of course, readily takes place 
between rnolcicules of similar chemical character, but as indi- 
cated by the varying solubility of any one substance in various 
solvents, consideralile limitations usually exist which are at 
least diminished if solvent and dissolved substances possess 
groups in common, which is always the case to a greater or 
less extent in the case of substan(?es which are similar in chem- 
ical character. 

Tt is, therefore, not a im^re accident that artificial resins are 
most usually formed in cases in which the possibility of the 
formation of isomers and homologues (‘xists. 

Solvate formation within a resin may take place in two ways, 
either by melting and subsequent cooling, or by solution of 
all the components in a volatile solvent which is subsequently 
evaporated. The former process plays a part in the produc- 
tion of artificial jiroducts such as colophony and artificial resins, 
whilst the latter is the controlling factor in the formation of 
films. In this latter case, the conversion of the solvate contain- 
ing the volatile solvent into the solvate of solid consistency 
must be conceived as a simple replacement. If A and B are 
the components occurring as a solvate in the solid resin, the 
process proceeds simply as follow^s — 

Solvates f Volatile solveii^t + A ) Solid solvate (AB) + 2 mols. of 

( Volatile solvent -f- 2? ) volatile fjolvent. * 
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The formation of associated complexes, such as is 

practically identical with that of solid solvates, such as (AB); 
the essential condition is the existence of unsaturated char- 
acters, to such an extent at least as to enable components 
which are apparently saturated to interact with formation of 
molecular complexes. Such a power of association may even 
be considered as typical of the resinoid condition, as, in fact, 
the occurrence of several complexes, which are associated to 
a variable extent, is alone sufficient to fulfil all the requirements 
for the development of resinoid characteristics. As a typical 
example we may cite cellulose acetate, which exists in the 
monomolecular condition in 0-1 to O-fi per cent solutions in 
glacial acetic acid, and then passes tlirougli all stages of 
association to form association-colloids.^ It is to be noted that 
in this case we are dealing with what is, in the usual sense, a 
saturated system. We are, therefore, all the more justified in 
expecting similar phenomena to occur when dealing with com- 
plexes which are unsaturated in the ordinary sense, in virtue 
of their chemical structure. In practices, all processes for the 
production of artificial resins are based on the pioduction of 
mixtures of substances of more or less unsaturated chemical 
character. This is manifested in the power of association of 
the components of artificial resins, which can in many cases 
be carried further with production of higher polymorides. 
(Plastic masses.) 

The view has recently been discussed, based largely on the 
communications of W. Herzog and 1. Kreidl,- that the resinoid 
condition is due to the presence of special resinof)horic com- 
plexes, more particularly the following — 

Azomkthtne ORour — 

— C N — e.g. C'eHs • N - OTT3, Anliydroforrnaldc^liydc- 

aiiiJiiK*. 

CHg-^CH— CH - N(CH 3 ), Acrolcino- 
i^nelliylamine. 

^ K. Hess and G. Scliultze, Ann., 455y 81 (1927). According to K. H. 
Meyer and H. Mark, Ber., 61, 612 (1928), however, the crystal! izable acotyl- 
cellulosos in question represent degradation products. The above considera- 
tions are not, however, affected by this fact. 

a Oeatr. Chem. Ztg., 24, 76 (1921), 29, 216*(1926); Angew. (1922), 465. 641 ; 
(1923), 471 ; Chem. Ztg. (1925), 119; Ger. Pat. 397,603; Metaimrae, 16, 2241, 
•2279 (1926); Tf?, 229, 287 (1928). 
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CAK«oi)iiMii)i': Oroih* - 

— N -C N c.g. H . N (/ NK, Carbodiarylimideno. 

C< )N r<i ATKi) Lin k a < j io — 

— CH CH Cdl (;H — o.g. CH. CH CHg, Butadiono. 

— (^H CIl (’ () (‘.g. (VHjj.CH C’H- (^O - CF-Tg, Benzyli- 

diiip-acctone, (dc. 

Ill fact, numerous ffub-itances which possess the above-men- 
tioned groups do form resins under suitable conditions, probably 
mainly through th(‘ occurrence of polymerization processes. It 
should, however, be noted that the original substances, such 
as those citcal as (‘xampk^s, are not r(‘sins. in spite of undoubted 
“ resinophoric; ” groufiing. It is not, therefore, the presence of 
the grouf) a ^ mk^Ii, whieh mu4 be conskh^red to b(^ decisive, 
but rather the capacity for reacting in a certain sense. This 
was recognized by A. Phbner himself,' and for that reason he 
})ropos<‘d the t(‘rm lesinogiaie for the groups in question, 
whereas the Urm resinophor was reserved for the struc- 
tural elemidits actually pr(‘S('nt in the com])let(‘d artificial resin 
or in similar materials. 

In ord(‘r to oiitain any clear coneejition of the relations be- 
tween ca})acity for n'sinification and chemical constitution, it 
is necessary to realize that the pres(‘nce of any particular group 
is in no way responsible for th(^ resinoid (ujiidition. Therefore, 
the distinction recently jiropo^ed by A. Kibner and E. Koch,‘^ 
betwecm “ ])seudo-r(^sinophorie ” and “ rosinophoric ’’ groups 
cannot sufhce in order to distinguish ])etween a type of resin 
capable of crystallization (pseudo-resinoid condition), and a 
true type of resin (resinoid condition) in a really characteristic 
manner. Even the dis(a)V(‘ry that polymerization of substances 
containing resinophoric or resinogenic groups may lead to 
crystallized jwoducits does not permit of further generalized 
conclusions with regard to tlu‘ occurrence of pseudo types and 
normal types. It is on the contrary necessary to insist that the 
resinoid state represents the physical expression of the char- 
acter of the above-described “ typical mixtures.” 

Bearing this fact in mind, it wdll be realized that the essen- 
tial point of the observations of Herzog and Kreidl is that 

^ Antjcw.. 1514 
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substances containing the so-calle(J resinophoric or resinogenic 
groups are frequently, but by no means always, caf)able of 
reacting to form resins, that is, mixtures of a certain typical 
character. The reactive groups themselves are, howev(3r, 
changed in consequence of the occurrence of the reactions 
which always occur, and which need not iKH*.(‘ssarily be poly- 
merizations^ and are, therefore, not present in the resin itself. 
Therefore, they can obviously exercise no further influence on 
the character of the reaction product. Kven should their 
reactivity be unexhausted at any stage of lesin formation, 
although resin has already been formed, as is (piite possible, 
neither they nor the transformed structural (^kmu'nts are the 
true carriers of the resinoid condition ; at most, they endow the 
product in question with tlic ca.f)acity for further transforma- 
tions, for exam])lc, of conversion into end-products. 

It would be mistaken to undervalue the views of Herzog 
and Kreidl because the resinofdioric grou])s arc of but limited 
importance. Even though polymerization may be altogether 
absent, or may on occasion lead to th(^ produc;tion of crystal- 
lizable products, this is by no means usual, and, therc^fore, 
the relationships betwenm ca])acity for resinification of sub- 
stances possessing polymerizable groups and this particular 
constitution may serve as a valuable guide in practice. If, 
therefore, the production of a substance containing a resin- 
ophoric group may bo anticipated by uK'ans of any prelim- 
inary reaction, such as condensation of an amine with an 
aldehyde, one may assume with a high degree of probability 
that this will not be formed in the chemically pure condi- 
tion, but in the form of a complex mixture (produced by 
numerous by-reactions), and will, tlu^refore, form a resin, always 
on the assumption that the conduct of the reaction is chosen 
accordingly. 

Many substances containing resino})horic groups are, in a 
sense, predestined to form particularly valuable final products, 
which are insoluble and infusible and manifest resinoid 

^ In the majority of tlie cases cit-ed >)y Herzog arul Kreidl it is possible 
that the by-reactions are of y)redorainant importance. (See p. 103.) 

* ^ The for^jrialion of a mixt ure of monomcrij; and dimt'rie jiroducts is sufficient 

to lead to the further prodiKdiou of a resin. 
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characters, and many examples of this nature might be cited. 
Certain rules must be taken into consideration, which may be 
deduced from the behaviour of substances containing unsatur- 
ated groups which lead to polymerizing reactions. (See pages 
130 et seg.) 

Finally, the Hcrzo|-Keidl theory enables plausible views to 
be formulated regarding the course of the transformations 
undergone by many substances of non-resinoid character into 
a species of end-product without intermediate formation of 
the soluble and fusible normal intermediate phase. Amongst 
natural products this description applies to Japan lac. In the 
absence of adequate knowledge of the actual constitution of 
the -C15H27 side-chain of urushiol, with its rcsinophoric or 
resinogcnic groups, it is only possible to speculate on the 
course of the reaction ; but the processes of film-formation 
from the fatty drying oils can be more closely followed, and 
arc found to indicate a nunarkable dependence on the constitu- 
tion of the glycerides in question.^ 

^ .1. Farhc vmJ Lack 295; (1927), 75; Chern. Vmschau, 34. 

Pari I (1927); An[)cu\ 40, 1279 (1927); also A. Eibiior, Farhc nnd Lack 
(1929), ;17<S,4()3. 



CHAPTER VI 

THE LEADING PRINCIPLES OF RESIN PRODUCTION 

• 

The necessary requirements for the production of typical mix- 
tures of the character of a resin are present in an extremely 
large number of cases, as one can almost always arrange the 
conditions so that a reaction proceeds, not uniformly, but in 
more or less numerous directions. By rational regulation of 
the working conditions one can promote the formation of 
isomeric and homologous reaction products, and by the delib- 
erate promotion of by-reactions one can induce the required 
multiplicity of reaction products. 

These methods apply to almost all organic substances, if 
they arc subjected to sufficiently effective conditions of reac- 
tion. For this reason numerous technical processes, which are 
in no way intended as sources of resin, lead to the formation 
of resinous materials as by-j>roducts. This applies particularly 
to almost all processes of purification of relatively non-volatile 
substances by so-called distillation. In consequence of the con- 
centration of by-products already present, together with the 
destructive decomposition, more particularly cracking, of the 
distillable portions, ])itches and artificial bitumens or asphalts 
are formed, which are in all essentials resins. 

Such processes are not, however, used for deliberate resin 
manufacture, which is carried out by processes in which the 
raw materials are deliberately subjected to such treatment as 
will produce resin as the practically exclusive product. The 
methods ordinarily employed for this purpose are resin-pro- 
ducing polymerizations and condensations, which are frequently 
employed jointly or consecutively, • 

Resin-forming Polymerizations. We have already noted in 
the preceding chapter that polymerizations seldom take place 
uniformly, or result in crystalliza|?le products. Moreover, by 
suitably modifying the conditions one can influence the course 
of the reaction at will within wide limits^ so that one can to 
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a great extent ensure the production of resin. In addition, 
one can support the tendency of many polymeric products 
to autoxidation, for example, by blowing air through the 
material. 

The conditions are naturally most favourable from a tech- 
nical standpoint whc^ji the mc^asiires necessary to promote the 
reaction are not especially violent. As, with few exceptions, 
dark products arc undesirable, it is important to avoid any- 
thing which promot<%s discoloration. The mimb(‘r of technic- 
ally possible raw materials is, of course, much restricted by 
such considerations and also by considerations of price and 
availability, and the field of choice* is therefore comparatively 
narrow. For furtlier details, see ])ages 52 ct setf. 

Resin-forming Condensations. Tn view of the necessity of 
obtaining i)roducts of as complicat(*d a character as possible, 
the technique of carrying out a resin-forming condensation for 
the purpose of resin manufacture is directly opposed to that 
employed for ordinary j)reparative ])ur])oses. The requirements 
regarding the character of the resultant product lead to the 
use of methods of the least f)ossible violence co»npatible with 
the required result. As these conditions are most easily 
realized with such tx'actions as, in any case, pursue a multi- 
directional course, such reactions are utilized wheTu*v(‘r possible. 
The use of mixtures of isomers as a raw material offers a 
further means for incn'asing the com})lexity of the icsultant 
resin. 

There are, of course*, considerable difficulties in so regulating 
the course of the reaction that a uniform jiroduct is always 
obtained, in ])articular, much care must be takeui in the choice 
of catalytic agent, as on this the obtainable^ effect very largely 
de])enels. The size e)f the batch and the methe)d of carrying 
out the reactiem are also e)f great impe)rtance. 

It is, therefe)re, not surprising that certain tv})ical condensa- 
tions, such as those* between phene)ls and aldehydes, can be 
carried out in an almost innumerable v ariety and are constantly 
yielding new results. 

Those condensation processes are of special interest, which 
first lead to the production of soluble and fusible- primary 
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resins containing complexes susceptible to further polymeriza- 
tion or association, leading to molecules of greater size and 
which can, therefore, be converted into colloidal final products.^ 
In these cases the control of the operation is naturally excep- 
tionally difficult, particularly when the reactions are of an 
exothermic character. In the case of suck reactions the design 
of the apparatus, method of operation, and so forth are of 
fundamental importance. For further details, see pages 133 ct 
seq, 

^ With rogard to tli(‘ hmdaine'iital principlo, see K. H. Mi'yor and H. Mark, 
iier. 61, ()13 (192S). 



CHAPTER Vll 

SUBDIVISION AND SCOPE OF THE SUBJECT 


It is rather difficult to define the scope of the class of artificial 
resins. One would, perhaps, be partially justified in including 
the transformation and processed products of natural resins, 
such as hardened resins, esterified resins, autoxidized products, 
sulphided resins, and other products which can be obtained by 
combined chlorination and hydroxylation of natural resins.^ 
A similar view might be taken with nigard to chlorinated fatty 
oils and rubbers and faktis. Moreover, nitrated, autoxidized 
and chlorinated bituminous and asphaltic materials, and the 
products obtained from them by combined processes, may also 
in a sense, be considered as resins, particularly if pitches, such 
as artificial asphalts,” are used as raw materials. Artificial 
bituminous compositions have also, of course, a claim to be 
included. It cannot. howevcT, b(^ denied that fill these products 
differ essentially from those purposely produced by synthetic 
processes. The difference consists in the circumstance that by 
the artificial process the resinous condition is actually pro- 
duced, whilst in all the cases just mentioned the raw materials 
are already substances which (comply more or less closely with 
the qualities associated with resins. It therefore appears 
entirely justifiable to inchuh^ in the expression ‘‘ artificial 
resin,” those substam^es only which are obtained by the 
treatmemt of non-resinous raw materials, and to exclude the 
others mentioned fibove under the term of “ prepared ” or 
‘‘ treated ” resins. On these grounds the present work has 
been restricted to tht‘ consideration of the production of true 
synthetic artificial resins only. 

With regard to the cellulose esters, their very close relation- 
ship to the artificial resins is certainly unquestionable, but it 
should be borne in mind that the peculiarities of these materials 
have not really been produced artificially, but are due to the^ 
1 See tho viewr of Bottler, Kunstharze, Munich (1919), p. 7. 

• 66 
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structure of cellulose itself. Prom this standpoint one should 
consider the cellulose esters as transformation products of a 
material in which the fundamental conditions for the occur- 
rence of the resinous condition are already latent, and are not, 
therefore, created by artificial interference. For other addi- 
tional reasons it is advisable to deal with the cellulose esters 
as a separate group of substances, and therefore to omit them 
when dealing with the artificial resins. 

On the basis of the standpoint which has just been developed, 
the recognized important processes of production of artificial 
resins are divided in the following chapters, into two main 
subsections, namely — 

I. Resin-forming polymerization processes. 

II. Resin-forming condensation processes. 

Finally, those artificial resins which are at present of the 
most technical importance are described in the concluding 
chapters. 



CHAPTER VIII 

RESIN-FOUMTNU POEYM KKfZATION ^ THEORETICAL 

• 

The term “ polymerization,’* denotes those processes, mostly 
reversible, in tlie coarse of which a more or less considerable 
number of similai* rnoleciiles unite to form larger complexes. 
In distinctum to condensation, polymerization does not. there- 
fore, involve the separation of any substance such as water, 
alcohol, etc. (Jonseqiu'iitly, th(‘ starthig product, or monomer, 
and the reaction })roduct, or ])olymer, have botli the same 
percentage composition. The j^rocess may be exf)ressed by the 
general equath)n — 

),. 

The degi’ee of [)olymenzation, that is. the magnitude of x, 
may vary within v(uy vvid(‘ limits. Both slightly ])(dym(Tized 
products, produced from 2, 2, 4, (‘tc., molecules (dimerides, 
trimerid(‘s, tetrarnc^rides, etc;.), are known, and higher })olyniers 
in which x equals 10, 20, etc., and also in some cases extnmiely 
complex aggregates containing 100 simpler units or more. Sub- 
stances of the last-mentioned type are naturally in many cases 
very different in cliaraxder from the kvss polymtu ized modifica- 
tions ; more particuilarly. tliey usually })()ssess the' (^haiacters 
of typically colloidal substances and are, in addition, usually 
infusible. 

It is often possible to convert polymers by suitable means, 
such as heat, light, or catalysts, into Hie sim[)l(* basic complex, 
or into less highly polymerized substances, a process known as 
depolymerization. There are also, howcvc‘r, irreversible pro- 
ducts, wdiich de(;oTy])ose in other directions under the influence 
of depolymerizing agents. 

A sufficiently marked degree of uiisaturation is a neces- 
sary condition for any polymerization. The usual structural 

• 

^ See H. Meerwein, “ Polymerization und Depolymorization,” in Second 
Volume of 3. Houbon, Die Altethoden dor organiachen ChemiCt SThird Edition 
(1926), pp. 693-G39. , 
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formulae do not always give a true jucture of these condi- 
tions. Thus, apparently saturated complexes may be suffici- 
ently active, in consequence of sufficiently strong residual 
fields, to undergo conversion into polymers containing less 
energy. On the other hand, the presence of structural elements 
which are generally recognized as unsaturated does not in any 
way necessarily denote that ])()lymerization can actually be 
effected. 

There is no doubt that the degree of n^activity in any par- 
ticular case, or sensitiveness in the sense of (effective poly- 
merization, is a function of the total structural relations ; but 
only very conditional generalizations can be made regarding 
the effective factors, as it is difficult to apply really equivalent 
experimental conditions even to members of a homologous 
series or to other closely allied compounds. All polymeriza- 
tions are very exceptionally sensitive to external influences, 
and more particularly to heat, light, all kinds of catalysts, and 
so forth, the quantitative comj)arison of which from case to 
case is scarcely possible. Thus, for example, it is in no way 
sufficient always to work under the same conditions, as in 
consequence of the variation from substance to substance of 
specific heats, boiling and melting points, viscosities, absorp- 
tion ratios, solubilities, and so forth, the conditions would have 
to be rigorously readjusted from case to case, wdiich could 
certainly not be achieved to a sufficient degree by constancy 
of temperature, light source and character and quantity of 
catalyst. As, moreover, no methods are available for the 
required measurements of these conditions, one has to be 
content for the present with qualitative observations as to 
whether a particular substance is poljmierized easily or with 
difficulty, and whether it is mainly obtainable as a poly- 
mer of relatively small or large molecular weight. It is always 
necessary to bear in mind that the method of investigation 
regarding the capacity for polymerization of a substance de- 
pends principally on the question, whether the specific agencies 
which promote the polymerization in question are already 
known or not. 

• Owing to«the fact that many polym<?rizations are reversible 
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reaction products of homogeneous composition are not usually 
to be expected, but on the contrary a condition of equilibrium 
will usually be attained, with production (^f a mixture of the 
starting material with products which are polymerized to vari- 
ous degrees. Under these circumstances, by varying the condi- 
tions it may, of course, prove j)OSsible to displace the equili- 
brium in favour oi a j)articular polymer, which may thus be 
obtaimni in a more or less pure condition. It is, however, 
equally possible to exceed the limiting conditions for the forma- 
tion of any of the polymers, in which case the monomeric 
starting material will 1 k^ re-formed. It must be borne in mind 
that the limits of stability d(‘pend to an extraordinary degree 
on the choice of the polymerizing agent. For this reason the 
results obtained with varying polymerizing agents are in no 
sense comparable. 

Regarding the mechanism of processes of polymerization, 
it should be noted that molecules provided with an excess of 
energy may unite to form complexes of lesser energy in various 
ways. 

The character of the process which actually occurs depends 
. mainly on the structural relations which cause a limitation or 
extension of tin* transformations. The r(\sults also vary accord- 
ing to the exciting agency. 

Association. Molecules which are saturated from the struc- 
tural standpoint, but which, nevertheless, retain residual fields, 
form f)olymers comparable to molecular comj)ounds and which 
share the peculiarities of these. ^ They possi^ss, more particu- 
larly, a more or less marked tendency to re-forrnation of 
monomers under the influence of solvents. Whilst ordinary 
molecular comj)ounds are constructed from varying constitu- 
ents, the substances which we are now considering consist of 
forms of association of the same fundamental complex. The 
influence commonly exercised by special solvents on the degree 
of such ’associations is clear from the fact that molecular 
weight determinations in varying solvents give varying results, 

^ See Chemie in Einzcldaratdtungen^ edited by J. Schmidt, X, XXXX, 
Vol. II ; P. Pfeiffer, Chyanie Molecular Compounds^ Second Edition, Stuttgar^ 
1927; R. Krernann, Rcstfeldt^orie der Valenz^ Stuttgart, ' * 
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which are, moreover, largely independent of the concentrations 
employed, and which deviate to a varying extent from the 
expected result.^ 

Association is especially common in the case of compounds 
containing hydroxyl groups also with cyclic ethers,^ lactones,^ 
and acid anhydrides.'* Tflfcncrease of molecular weight may 
be very considerable. Moreover, the polymers occasionally 
show certain chemical differences from the simple molecules, 
although purely physical differen(?es predominate. 

The main factor in their behaviour is the degree of resis- 
tance to solvents of the associabnl complexes. If the solubility 
is normal, that is, if the forctvs effecting solvate formation are 
at least partially able to overcome the space-lattice influences 
which cause the molecular association, no special physical 
anomalies are apparent, and the chemical reactivity is usually 
merely weakened, to a degree dependent on the degree of 
residual association. Cases are, however, known in which sol- 
vents are unable to react effectively, a condition which may 
lead to the formation of colloidal solutions. (Association col- 
loids, see page 71).) In sixch cases the concentration may play 
an important part, in the sense that at great dilution, or within 
certain degrees of solution, true solutions may be formed, 
which contain monomolecular, or at least only slightly associ- 
ated complexes. If, however, one concentrates such solutions, 
or passes above or below the limiting concentrations in other 
cases, the association colloids arc re-formed.^ 

The relations which we have just discussed are particularly 
important in the case of resins. Thus it can scarcely be doubted 
that the so-called micellae of cellulose, which are to be con- 
sidered as the structural elements of the crystallites, represent 

^ Meyer and Jaeobaolm, Lehrlmch d. org. (Jhemie, Second Edition, 
Vol. I., 1. 43. 

• L. Kohn, Monatffh., 21, 80 (1900); Hergmann and Ludwig, Ann., 4S0, 173 
(1924); Borgmann and Kami, Ann., 278 (1924), 

® L. Kolm, Monatsh., 21, 80 (1900); Nowak, Monatsh., 22, 1140 (1901); 
Fichtor and Beisswenger, Ber., 36, 1200 (1903); etc. 

* Einhom and Diesbach, Ber. 39, 1222 (1900); Ann., 359, 161 (1908); 
H. Staudinger and E. Ott, Ber., 41, 2210, 3829 (1908). 

® This is the case, for example, for acetyl cellulose ; see K. Hess, Kolloidchem. 
Bfiihefte, 23, 96 (1926); see, however, also K. H. Meyer and H. Mark, Ber., 
•IjA 807 
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association-polymers held together by space-lattice influences. 
The tendency to dissociation of these complexes is extremely 
small, and for this reason it is only possible to demonstrate 
the possibility of such dissociation under very definite and 
limited conditions. Thus, cellulose ‘ may be dissociated in 
copper-ammino solution into molecules of the magnitude of 
a glucose anhydride; similar relations exist in solutions of 
acetyl cellulose in glacial acetic acid.^ Formula 1 for cellu- 
lose, which has been juoposed by K. Hess, as a result of 
numerous researches,^ leads to tlu* assumption that the cause 
of the extreme stability of the micellar coinph'x is to be 
ascribed to the presence of oxygen ‘‘ bridges,” as in certain 
other cases, such as the ethyleiu' oxides'* and the cyclic acid 


H--(i , 

H- C' OH 1 

1 <> 

HO C- H ( 

) 

" (;h • ^ - 

1 ! 

H (.' OH 1 

1 ‘ o 

HO C--H 1 

1 

(2) ( 

1 1 

H C 1 

1 

H 0 

1 

CU. (OH) 


H (V ' 

1 

H OH 

1 

-OH, 


anhydrides these must be regarded as the causes of the ten- 
dency to association in consequence of incomplete saturation 

^ K. Naiurtrisfi(Hfirh<if/tn, 11, 435 {I9li(>). 

2 K. Hess, Kolloidchvm. Bviheftc, Si, 95 ( 1 928) ; also K. Hess, G. Schultze, 
and K. Mossnicr, Ann., Ill, 279 (J925); iL. H(‘hs aiul G. S(‘lmltz(\ A}in., 44S, 
101 et (1920); soo, liowovor, K. H. Moyc'r and H. Mark, Bvr., 01, 006, 
012 (1928). 

K. lU^Ks, Kolloidc/nnt. Jlrfhcftc, 23, 98 (1920); set' also K. Hoss, Ann., 430, 
115 (1923); F. Miclu'ol and K. H(‘ss, Jan., 14U, 140 (1920). As a result of 
X-ray Tnoasnn'ttionts tlu' cvllolose fornnila proposcul by K. Hess lias recently 
boon replaced by u symbol, in wbicli cellobiose chains function as construc- 
tional (‘ieinctnts of the crystallih*s. Th<*sc views do not aftV'ct tlic above con- 
siderations in principl<‘, the essential tliffcnaice b(*ing that in place of the 
relatively simple fundamental comjjh'x (Formula 1), the more complicated 
cellobiose chains ajijieitr as carriers of tlu' miceillar fif'ld of force. See K. H. 
Meyer and *ll. Mark, Bor., 01, 593 (1928); see also K. Frcmdi'iiljerg, Ann, 460, 
296 (1928); 461, 139 (1928); also H. StandintJ»‘r, II. .Johner, R, Signer, G. Mie, 
and J. Hengstenljorg, Ztschr. Chem., 120, 425 (1927), on the comparison 
of the structure of cellulose with that of the polyoxymethylones. See also 
p. 63. 

^ J. Houlien and H. Meerwein, Methoden d. Org. Chem., Third Edition 
(1926), Vol. 2, 637. ♦ • , • 
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of the valencies or of special conditions of molecular stress.^ 
However, some other factor appears to come into play which 
is at present obscure. Thus, for examples, the laovogliicosan 
(Formula 2) which is obtained on heating cellulose to 120^^ C.“ 
also contains two oxygen bridges, as does cellulose itself, but 
does not show any inclination to form niicellar complexes of 
any kind, as is proved by its easy and regular solubility in 
water. 

The formation of association colloids is especially important 
in film-formation, as it exercises a considerable effect in pro- 
moting the conversion of the original comparatively simple 
system in solution, at the critical moment, into a mixture of 
complexes of similar character which are also mutually soluble. 

Association also exerts an important influence on the be- 
haviour of shellac. It is known that lactones and lactides 
frequently show an inherent tendency to polymerization, as 
may be concluded from the behaviour of (5-valerolactan,^ the 
non-existence of monomeric salicylic acid lactone,^ and the 
easy formation of polygly collide.^ According to the investi- 
gations of C. Harries and W. Nagel, shellac resin belongs 
structurally to the lactide class, and a tendency to polymeriza- 
tion of the association type, or to aggregation is, therefore, 
not surprising. The methods whi(>‘h are found iKicessary in 
order to reconvert the product insoluble in alcohol into the 
form soluble in that liquid are essentially such as might be 

^ Loc. cht., 639; H. i). K. Drew and W. N. Haworth, J. dheni. Soc. (1927), 
776, deny that nrisaturatod valoiioies of tho oxygon bridge* aro a cauHo of 
mole^rnlar association in tlio case of 2, .3, 4-trimetliyI-l--ara])oiiic acid lactono 

_() 

OCUgH H I 
CO C - C — C - Clla, 

H OCHgOCHa 

which is polymerized by traces of acid (M, 1900 to 2100). 

^ Regarding thi.s formula, see K. Kolloidrhenw lieihr/te, 23, p. 98, 

footnote 2 (1926); on the basis of tho now glucose formula of W. N. Haworth, 
t/. Chem. tSoc., 129, 89 (1926) tho /i-oxygon bridge would bo in tho 1-5 and not 
in the 1-4 position. 

® See footnote, J p. 54 

^ Soo von Richter and Anschutz, KohlensinJJ'mrbind ungen ^ Eleventh Edition, 
Vol. 2, 322. 

• * Under the iijfluence of a trace of zinc chlorid#. 

« Wiss VerSjf, Stem. Konz., Ill, 2, 12 (1924); (\ (192^) II, 1187. 

5— ( 5647 ) • • 
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expected in order to resolve the space-lattice association.^ 
The very surprising stability of the converted resin to hydro- 
lytic influences, which can be overcome in a similar manner to 
the insolubility in alcohol, has been exj^lained by Harries and 
Evers ^ as due to the exceptionally far-reaching saturation of 
the aggregated complex. 

Polymerization of Chemically Unsaturated Compounds. 

Whilst association only occasionally occurs in such a form as 
to lead to the formation of relatively stable complexes with 
new properties, the polymerization of chemically un saturated 
compounds gives rise to an extraordinary number of sub- 
stances of all degrees of material alteration, by the structural 
union of similar molecules. 

The condition for a reaction of this kind is the presence of 
ordinary unsaturated groups, the activity of which is unham- 
pered by intermolecular neutralization of the free valencies. 
This effect is illustrat(^d by the facts that the trebly con- 
jugated system 

CH;( H- (ai:C 

is reactive, as in the j)olvmerization of tri('laeostearic acid 
glyceride or (Chinese wood oil,^ whilst the same system is prac- 
tically inert if closed to form a ring, as in bcmzene. The reason 
for the difference is to be found in the fact that in the former 
case the unsaturated valencies are available, whilst in the 
latter they are not, in eousequenc.e of the ring formation. 

- ClI— CII^CH--Cai^CTl=r.CH 

• ' ^ /j 

Frtv' Unsat uratt'd Valoncies No Fnv Unsaturatod Valuncios 

Just as substances witli undoubted double linkages occasion- 
ally show no tendency to combine with bromine,^ so occasional 

^ Troatinont with glaoial aootir a(‘id or fonni(; acid; also treatment with 
alcohol containing hydrocliloric acid according to (Her. Pat. 421, .337. 

* Ber,, *56*, KISS (102.3). 

* On tlie proof of the pre.senoo of the tn'bly conjugated group in elaeostearic 
acid, see J. IlOesckon and H. J. Ravensw^aay, /?cr. Trav.^ 44, 241 (1925); 
C, (1925), 11, 107. The objections of M. Jshio, (\ (1920), I, 3594, are uncon- 
vincing; see also the suinrnaric*;^ of J. SchoilHu', Farhe und Lack (1927), 646; 
(1928), 146; also F. Fritz, Farhen^ZUj., 33, 1225 (1927-28). 

* See the Bibliography in'H. Moyer, Analyse mid KonsitituUonsbeatimmunC, 

Third Edition (1913), 936. 
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absence of polymerizing tendency may be expected in spite of 
structural unsaturation.^ On the other hand, under the influ- 
ence of especially favourable structural conditions the activity 
of an unsaturated group may be very greatly increased. (See 
below.) 

Thus the conditions are very variecl and can, moreover, not 
always be anticipated. In any event it is not surprising that, 
apart from the varying tendency to polymerization, the course 
of the process itself varies greatly. 

The Ethylene Double Bond. For substances with an ethylene 
double bond the following j)ossibilities exist — 

(a) The free valencies are saturated by union of the molecules 
in pairs, with formation of dimerides with a four-carbon ring, 
in the following manner — 

>c— c< >c— c< 

-> I I 

>v~c< >c— c< 

Diint'rido. 

Unless there are exceptional com])lications, such as the pre- 
sence of other unsatiirated groups or of complexes capable 
of association, the reaction product is the final product of a 
polymerization of the above character. It should be noted 
that if the groui)s attached to the carbon atoms of the double 
band arc of dissimilar character, numerous structural and geo- 
metrical isomers of the cis- and trans-varieties may be formed,^ 
as in the case of the truxillic acids. 

(b) The liberation of free energy may occur with migration 
of a hydrogen atom, as follows — 

>C— CH2 >C— CR3 

I 

CH2-“C< vh=c< 

DimerUio 

In distinction to those formed by proccssi (a), the products 
in this case are still unsaturated, as one double bond still 
remains. A further polymerization in the sense of reaction (a) 

1 See also the following chapter. • 

2 A compilation of the possible cases of isomerism is to be found in J. 
•Houben, Methaden der org, Chemief Third Edition (1923), in the section on 

“ Light Exj/bsure,” p. 1397 et aeq. ^ 
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may, therefore, occasionally occur. In consequence of alterna- 
tive possibilities for the formation of a tetrameride in this 
manner, such a reaction may produce several isomers, which 
*may be regarded as cis- and trans-forms of 1-2 and 1-3 substi- 
tuted tetramethylenes — 


« 


>c 

1 

CHa 



1 

CH 

~C< 

1 

>c- 

1 

CHa 

1 

CH 

1 

-C< 

1 

CH 

C< 

1 

> >C- 

CHa 

Dime ride 

>c- 
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CHa 



CH 

1 

C< 

1 



1 

>c 

1 

CH 


I 

Tt^irameridos 

(c) There is yet another final possibility, in wlik^h the number 
of individual molecule's whicli may unite to form the ])olymeride 
has no theoretical limit, namely, the reaction according to the 
following scheme — 

x(>C-C<) -.C~-(3— (C— C<, 

I A A A'^*-A I 

Higher Polymerides. This last ])ossibility seems particularly 
adapt(;d to the exf)lanaiion of the formation of highly f)oly- 
merizenl products, the formation of which may well be of a 
reversible (character. The free valencies of the end carbon 
atoms, according to H. Htaudinger’s views, ^ may either remain 
further unaltcuxul as free end valencies, or may become satur- 
at(Kl by ring formation, or addition (for example, of the 
catalyst), or by migration of hydrogen. 

Substances are in fact known which are capable of poly- 
merization in the sense of all the above-mentioned reactions. 
One of these, which has been investigated with exceptional 
completeness, is styrol,- which has been shown to exist in 

1 Ber. 59, 3035 ( 192 ()). 

® H. Stobb(^ and (L Posri}nk, Ann., 371, 259 (1910); H, jStobbe, Ann.,, 
409, 1 (1915). 
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two dimeric, one tetrameric, and numerous more highly poly- 
merized forms. As will be seen from the following summary, 
the two dimerides correspond to cases (a) and (h) above. The 
tetrameride is probably a mixture. According to Staudinger^ 
the higher polymerides are formed from 20 to 100 and, perhaps, 
more simple molecules ; these must be •formed according to 
scheme (c) 

THE POLYMERIC FORMS OF STYROL, C«H,.CH:CH2 
Dimerides. {a) C,,lTr, . (JH— CHg (/>) C^H. . CH—CH 

■ I I I 

H^C OH.O.H, 

I^is-styrol (saturated) Di-styrol (unsaturated) 

Tetramerides. (C„Hj,) 4 , j>r<)>)at)ly a mixture of isomers ])roduccd by 
formation of 4-earbon ring eompounils from the 
dimerides (6). 


Higher polymerides, (CsHg),^, with varying magnitudes of x; 
according to Staudinger these arc probably formed as follows — 


1. 

CeHs 

1 1 

r C.H, 

C.H, 

1 

Froe end valoncies. 


..CH— CH,- 

—(Mf -CHs— 

~ CH (^H^. 
x-2 


2. 

1 

r 

1 

Saturation of ond 
valoncios by addi- 

H- 

_CH— CH., - 

[ — UH -CH,- ■ 

~CH— (’H., 
x-2 

-R tion of HR 

3. 

C0II3 

1 

1 1 
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Migration of H- 


CHg— CH2 

L <'h-oh,- J 

- C==:CH., 

X-2 

atom. 

4. 

1 

C.„H, 

I 

1 

Ring formation. 


CH— CH, 

1 

- CH -CH, J 

— CH- CH., 

■v -•» 1 



In consequence of the great influence of external factors on 
the course of a polymerization, it is difficult to foresee in 
advance which of the various possibilities will be most easily 
realizable. From the standpoint of the production of artifi- 
cial resins the highly polymerized products are, of course, of 
special interest, as with increased molecular weight their char- 
acter becomes increasingly colloidal, and the possibilities of 
^obtaining insoluble and infusible products increases accord- 
ingly. So* far as experience goes one may, perhaps, anticipate 



62 


ARTIFICIAL RESINS 


that highly polymerized products are only to be expected when 
the reacting ethylene group is activated by the presence of 
other negative radicles. Thus, for example, the following sub- 
stances all possess the capacity for forming highly polymerized 
products — 

CHarCH.CeHjj ' Styrol 
CHg ; CH . (^H : Butadiene 

CH . O . CO . CHgCl Ciiloraeetie-vinyl -ester (and similar j)roductB)' 
CH 2 : CH . CH : CH . COOH Vinylaerylie acid^ 

and so forth. 

Moreover, such systems will have exceptional powers of {poly- 
merization to form a variety of compounds, that is, mixtures 
of comparatively simple and highly polymerized complexes, 
which is, of course, very favourable to any desired {production 
of resin. As the course taken by the polymerization is very 
greatly influenced by external factors, these must, of course, 
receive special attention in such cases. (See, however, pages 
GO el mf) 

The polymerization of etliylene derivativ(\s is certainly by far 
the most frequent reaction of this kind. Similar reactions involv- 
ing double linkages between carbon and oxygen occur compara- 
tively rarely. (See {Pag(‘s Go and 1 23.) The association of ethylene 
and carbonyl groufps mainly causes the former grou{j to become 
more reactive, whereas the latter may facilitate association. 
When, therefore, Herzog and Kreidl state that the joint 
presence of ethylene bonds and of the carbonyl group, more 
{particularly in the “ resinophoric ” complex — CH : CH — VO — , 
is particxilarly favourable to resin -forming polymerization, they 
are certainly justified to some degree. (See, however, pages 
98 et seq.) 

The tendency to {polymerization is naturally greatly depen- 
dent on the various groups combined with the ethylene radicle. 
The activity of the ethylenic linkage is sometimes retained 
even when this forms part of a ring formation, so that highly 

1 Seo, for oxainple, Oer. Pats. 271,381, 281,287, 281,288, 281,877, 290,644, 
291,299, 313,696. 

2 Ger. Pat. 389,086. 
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polymerized complexes may be formed. This is particularly 
the case for cyclo-pentadicne (Formula l)i and indene (Formula 
II),® whereas cumaronc (Formula 111) scarcely forms any poly- 
, mer higher than the tetrameride. 


(I) 


HC— CH 

I! I' 

HC CH 

\ / 

CH, 



In this connection we must consider the relations which 
exist between tendencies to polymerization and to autoxida- 
tion. In many cases, such as cycloptmtadiene, indene, buta- 
diene, and others, an undoubted parallelism exists. It must, 
however, be remembered that oxygen may act not only chemic- 
ally but also catalytically,^ so that complex phenomena may 
be observed. In some eases, moreover, autoxidation must be 
considered as preliminary to polymerization, relatively inert 
systems being activated by the chemical change. This sequence 
is probably the main factor in the natural drying of fatty oils,^ 
and also in the case of other substance's such as Jaj)an lac and 
vinylacrylic acid esters. 


^ Cyclopontadieno polymerizes in two ways. The insolubles product wliich 
is obtained on heating is of comparatively low molecular wciight and is probably 
formed from about six molecules only. On the oOier liand, t])(> polycyelo- 
pentadiene obtained witli zinc cliloride, which forms a colloidal solution, is 
formed from at least 20 moleeules. Tliese facts, wliich are at first sight 
remarkable, are explained by the circumstance that eyclopentadieiie is able 
to act in two manners, as eitlier one or both double bonds may take part. 
In tho former case the contraction is considerably greater and tlic saturation 
much more complete than m the latter. Aceording to 11. Stauilinger tho 
relations are expressed by the following formulae — 
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1 II 

... 

1 1 

C C ’ 

1 1 

V./ V 1 

__"~H~“H _ 

y ' 

“h h 

1 1 
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1 1 

_ CH _ 


CHa 

hah 

“C C 

I I 

llfcCH 


X 

Insoluble jiolymer 
X — about 4 


Colloidally soluble polymer 

X > 20 


* Polyindones probably (rontam uji to 50 and more monomeric moU'Cules. 

® See C. Eugler, Report of the Ku/hth Intermit. (^o7igref<n of Applied Chemistry, 
New York, Vol . 25, 66 1 ( 1 9 1 2 ). 

4 J. Scheiber, Farhe und Lm'k (1926), 295; (1927), 25; Anr/ew., 40, 1279 
(1927); compare A. Eibner, Farhe und Lack (19^26), 378, 403. 
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In the case of other unsaturated groups there are found, 
within certain limits, the same kinds of satisfaction of valencies 
with union of the characteristic complexes, as we have found 
to be typical of the ethylene group. It is obvious that peculi- 
arities of structure may exert an action and impart secondary 
characteristic properties to the polyinerides. 

The Carbonyl Group. This group is the carrier of poly- 
merizing powers, ])articnlarly in the case of the aldehydes; 
in this case the mutual saturation of valencies is effc'cted either 
by din^ct saturation or by liydrogen migration. In the former 
case dimerides and trimerides are formed, which usually mani- 
fest considerable powers of association. These reactions pro- 
ceed according to the schemes — 

2 CHK or a KCH()-> 

Strongly ansociablo dioHM’idt* Associablo IriimTide 

The formation of special dimeric forms by hydrogen forma- 
tion is tyj)ical of most aromatic aldehyd(‘s and also of foniial- 
dehyde. The reaction may occui* with formation of either 
benzoins or esters — 

HVU—O K(!H -OH 

—> I (H(‘iizoin) 

lUdl-O 

RCHr:::() 

- > I (Hstrr; Oannizziiri)’s r«*af*tion) 

() -rCHR ()-rH,R 

Although the ])r()cess is in princi])le the same as with t^thylene 
derivatives, tlie products are not such as one would ordin- 
arily consider to be polymerides. A similar consideration 
applies to aldol formation — 

CHg.CHO + CHg.ClIO . CHO 

Aidol 

although this case is also not a true condensation. 

It is fairly obvious that polymerization may occur in 
what may be considered a continuous sequence. According 
to H. Staudinger,^ this is to be assumed in the case of 

^ Bvr, 5f), 3025 (1926). ' < 
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polyhydroxymethylenes, the a, y, and S modifications of 
which may be formulated as follows — 


FORMULAE OF THE POLYHYDROXYMETHYLENES 
ACCOROINO TO STAUOINOEU 


a-derivative 
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— C^—O 



^ H, 

--C~ 0 
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1 1 

r 0 H 
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Sulphate 

y -derivative 

CHa— 
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c— 0— 

1 

—CO (JH, 
1 ^ 

Ether 

d-dcrivativo 

CH3 

0 C 

0— 1 

r 

0- 

H on 

1 j j 1 

C— 0— CH 


J X L Jy — ' 

Partially transformed ether 


These foriiiiilae take into account tlie methods of formation 
of the various modifications. The a-products (paraformaldehyde 
and polyhydroxyrnethylenc) are hydrates. The j8-derivative is 
prodticed by the action of sulphuric acid. The y-modification 
is only formed in the presence of methyl or ethyl alcohol. 
Finally, the ^-derivative is formed from the y-derivativc by 
treatment with boiling water, which probably leads to partial 
transformation of the unstable complexes — — 0 — C — 0 — 
into the more stable chain — O — C — — O — . 

The thiocarhonyl group, which acts as the carrier of ten- 
dencies to polymerization in thioaldehydes and even in thioket- 
ones, acts in a similar manner to the carbonyl group. The 
production of trimerides predominates. In the special case of 
thioformaldehyde, however, polymerization with the forma- 
tion of a long chain appears to occur.^ * 

As it is usually impossible to polymerize ordinary ke tomes, 
it must be assumed that the thiocarhonyl group is especially 

^ The products appear to be similar to those from forrnaldeliyde ; t-hus, for 
#^xample, a mercaptan cornispondinp to polyhyi^oxymcdhylene hydrate, and 
others simila«'ly ; see K. Fromm and M. Soffnor, Bcr.^ 57^ 371 (1924). 
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susceptible to polymerization, at least in the case of thioket- 
ones.^ 

The Azomefhine Group. This group also shows obvious 
analogies with the ethylene double linkage. 

Thus the alkylidene-anilines (Schiff’s leases) R.CH : N.Ar 
are themselves very jmstable and change spontaneously into 
dimerides, which occur in isomeric forms.^ The interaction 
of the monomeric molecules which occurs in this case must 
be regarded as a kind of aldol formation, as the products are 
characterized by easy conversion into quinaldines. On this 
assumption the reaction must take place as follows — 
CHg.CHiN.CeHg 1 

CH8.CH(NHC«H5).ChVcH : N.OeHg,-- . CH(N 1 TC«H,) . OH : 

(1) (2) 

The compound (1) would be of secondary-tertiary type, and 
would be capable of anil isomerism ; the compound (2), on the 
other hand, is of di-socondary type, and might show ethylenic 
isomerism. It is, however, also possible that (1) and (2) arc 
reversibly transformable each into the other. 

A. EibiK^r inclines to the view that the formula (2) must 
apply to the mutually intertransformable isomers (Eckstein’s 
and Eibner’s bases but the behaviour of these substances 
can also be accounted for by another method of formation or 
formulation, if one assumes that eonibination occurs in the 
same manner as is indicated in the case of dimeric ethylenic 
groups. In fact, the union of two monomeric molecules in the 
following manner, 

CH8.CH:N.C«H, 

CH3 . CH . NHQHa " ■ CHg . C . NHCtfHs 

I ' II 

CH3 . C: N . CoH, ^ " CIJ3 . V . NHC«H6 

_J3) W 

^ Thiokotono is tho only ineinhor of its class whicli has been obtained in 
the monomolocnlar ctmdition, but polyjiiorizcs very easily to the trirnerido; 
see E. Bamnann and E. Fromm, Bn\ tlS, 901 (1895). 

2 See W. von Miller and J. Plochl. Ihr. 20, 2020 (1892); 27, 1927 (1894); 
F. EcksUdn, Ber. 20, 2029 (1892^; L.Sonder, Ber. 20t 20:i9 (1892); A. Eibner, 
Ber, 27, 1299 (1894); 29, 2977 (1890); A. Eibner and F. PeltziT, Ber,, 33, 3460 
(1900). » See ;;.9, *1515 (1926). * . * 
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would lead to products which would also show secondary- 
tertiary (3) or di-secondary (4) characters, and would possess 
the necessary structure for conversion into quinaldine. For 
these reasons the formulae (3) and (4), which may be suggested 
on grounds of analogy, may certainly be considered. 

There are, moreover, other reasons for this view. Thus, 
G. Schultz^ obtained a resinoid product from aniline hydro- 
chloride and acetaldehyde, which (‘-oiisists, according to A. 
Eibner and E. Koch^, of more highly })olymorized complexes. 
The above mentioned authors incline to the view that this 
mixture of polymerides is formed from ])roduct (2) above, by 
separation of aniline and subsequent union of the residues : 


xCHa.CH(NIlC6n6).CK:CH(XH('«iy -> [CUa.CHCNUCeiD.CILrl 

. CiK NIK . nr (^' .^NUCcUs 

This assumption is based more particularly on the observa- 
tion that both isomerides (2) yield quinaldine smoothly on 
boiling with hydrochloric acid, whilst Schultz’s product is 
unaltered by such treatment, and is only converted into quin- 
aldine when melted with zinc chloride. This is, however, the 
identical behaviour which might be ox])ected from a polymer 
formed in the manner of other higher polymers by continued 
combination of the monomeric molecules in the manner 
assumed by H. Staudingcr in the case? of polystyrols and l)oly- 
hydroxymethylcncs : 

/ R Ar\ K Ar F R Ar “1 R Ar 

X I I > I I > I I 

V CHrrrN / ....CH— N— L ~CH--N - J CH- -N.... 


as the formation of quinaldine requires previous depolymeriza- 
tion, for which purpose the hydrochloric acid, which is actually 
used as a polymerizing agent in the case in question, would 
probably not be very suitable ^ ^ 

1 Ber., 25, 1600 (1892). ^ Anrfcw., 30, 1617 (1926). 

® A. Eibnor and E. Koch {loc. cit.) purified and analysed the resin obtained 
by Schultz’s method and obtained tho following results: (\ 80*38-81 -57% ; 
H, 7*62-7*65%; A/^, 9*54-9*83%. Th<*se (iguros are entirely in accordance with 
the formula for a polymerized eihylidono-aniline, which has the 

theoretical composition : C, 80-67% ; II, 7*56% ; N, 11*76%. The low nitrogen 
•result is not surprising, as by -reactions are not excluded and the purification 
must nocoss&rily be incomplete. , 
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It is, therefore, unquestionable that there is a parallelism in 
the general behaviour of the ethylene and azomethine groups. 

For trebly unsaturatcd systems, much the same fundamental 
possibilities exist as for the other characteristic unsaturated 
groups. Certain of these will now be referred to. 

The Ethine (Acetylenic) Group. This group usually forms 
trimerides by simple interaction of the available valencies, 
with formation of benzene derivatives according to the follow- 
ing scheme — 



c 

^ \ 



% / 
0 


The Nitrile Group. ^Substances containing this group display 
a similar tendency to form cyclic systems, which in this case 
belong to the triazine (Kyaiiidine) class. Thus cyanic acid 
forms cyanuric acid, according to the equation — 

OH OH 


S ] >()ntanoo\isl y 


at high tcMupenitiiroK. 


C 

\ 

N N 

I II 

HO~ 0 O-OH 


N N 

3 niols. cyanic acid ryanunc acid 

In the tautomeric form of cyanic acid (isocyanic acid, 
HN : C : O) a kind of cejnf)etition occurs between two groups, 
the carbonyl and azomethine groups. The course of the poly- 
merization favours the carbonyl group, cyamelide being formed 
according to the following scheme — 

NH NH 


Spontaneously 


on heat ing. 


3 mols. isocyanic t^id 


C 

/ \ 

0 O 

1 I 

HN=r:C C—.Nn 

\ / 

(). 

Cyamelide 
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It should be noted that substances containing nitrile groups 
are particularly prone to react in other than the normal 
manner. 

Polymerizing Agencies. The initiation and continuance of 
almost all polymerizations are to a high degree dependent on 
external agencies, for which reason it i^ hardly possible to 
foresee the probable behaviour of any substance. A further 
complication is due to the fact that agencies which promote 
polymerization may also have a dcpolymerizing action. In 
some cases this leads to equilibrium conditions, but in others 
the reaction is thus completely prevented. 

Temperature. The temperature to whic^h a substance capable 
of polymerization is exposed is of crucial importance. Pressure 
also plays a part.^ It may be said in general terms that heat 
assists all polymerization, but the temperature rise must not 
be too great, as otherwise the polymers which are at first 
formed may bo again decomposed. 

Saiiablo teinperaiuro 

Monomer Polynior 

Excessive t.errij)(^rat.ure 

The conditions vary with the position of the limits of stabil- 
ity. If these are exceeded for all possible polymers the monomer 
will be re-formed. Otherwise, the reversal of the reactions 
ceases at that polymer, the limit of stability of wdiich lies 
just above the temperature employed. Such considerations 
may explain why fi, y-di me thy Ibuta diene forms in the cold, and 
in the absence of catalysts, a polymeride insoluble in every sol- 
vent, whilst at 90 to 100"^ C. a readily soluble caoutchouc is 
formed.- In the former case the degree of polymerization is 
far higher, whilst at 90 to 100° C. those products can alone 
be formed which are stable at that temperature. This is, of 
course, a case of technical importance. 

Light. The effect of light is almost more difficult to’ control 
as, apart from polymerization and depolymerization, it may 

1 W. Stogomann, Angew., 40, 750 (1927). l^garding polymerization under 
the influence of silent discharge, see N. Prjanischnikow, Ber., 61, 136^ (1928). 
• * See J. Houbpn and H. Meerwoin, Methoden dt’f org. Chernie, Third Edition 
(1925), p. 600. 
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initiate many other processes if the necessary conditions are 
present. J. Houben ^ mentions the following of these : photo- 
lysis (ionization, deoxidation, dehydrogenation, hydrolysis, and 
other fission reactions), photosynthesis (oxidation, halogena- 
tion, combination, esterification, formation of amides, condensa- 
tion, etc.), and phot^merization (change of configuration, intra- 
molecular transformation, polymerization, depolymerization, 
etc.). It is, therefore, clear that a complication of processes 
may occur, which may, of course, considerably affect the char- 
acter of the result. 

The light absorbing })roperties of the monomer and j)olymers 
exercise a decisive effect. According to Grotthiis’s Law, no 
photo-reaetJon can occur unless the wave length of the light 
which is a})[)lied is such as will cause it to be absorbed by the 
material. Unabsorbed light exerts no action. It is therefore 
clear that, for (^xatnpk*, exposure to sunlight which contains 
rays of long wave length, will lead to n^sults quite different 
from those obtained with the mercury lamp, which emits light 
of short wave kaigth. A classical example of these relationships 
is furnished by the investigation of H. Stobbe and K. Toepfer ^ 
on the relation between the ixdymerization of p-vinyla.nisol, 

C H;,() . . V}{ 

and the wave length of the light enijdoyed. Whilst in sunlight 
polymerization occurs smoothly, with formation of a highly 
polymerized product, when exposed to the mercury-quartz 
lamp no reaction occurs. 

The cause is to be sought in th(^ differing absorption spectra 
of the monomeric and polymeric forms, wiiich is a quite general 
phenomenon. Tlie degree of unsaturation is a j3re vailing fac- 
tor in the transparency of a substance to light. The stronger 
the residual fields of affinity, the more definite and selective 
is the absorption^and when this is thus displaced in the direc- 
tion of the visible portion of the spectrum it may lead to the 
occurrence of colour appreciable by the eye.^ Any diminution 

^ Meih. d. org. Chemie, Third ^Edition (1925), p. 1164 et seq. (Section on 
‘ * Light Trtmtment . ” ) 

2 Rer. 57, 484 (1924). , • 

® See H. Ley, Farbe und KonstitutioHy Leipzig (1911), p. 3 et aeq. 
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of strength of the residual fields causes corresponding dis- 
placement of the light absorption towards the ultraviolet end 
of the spectrum, whilst at the same time the selectivity is 
decreased. In every case, therefore, polymerization causes 
the colour to become lighter, that is, the substance becomes 

Wave Frequencies, * 



FlO. 2. ( HANGK OF AbSOHFTION Sl’hX^TRA ON Poi.YMKlUZATroN 
Alcoholic solutions - 

Mouoinoric riimamylidenc-bcnzylcvanuh' 

Photo-dimene ciniiamyrnh'nc-bcnz.N Icyiinide 

more transparent. Thus, for examj)le, ciiinaniylidene-benzyl- 
cyaftide, which is yellow, forms a colourless dimericlo on photo- 
polymerization by sunlight.^ The changes in the absori)tion 
spectra which simultaneously occur, are shown in Fig. 2. 

It may, therefore, be anticipated that on photo-polymeriza- 
tion an equilibrium will generally be attained between the 
monomeric and polymeric forms. 

Light of long wave lenglli 
Monomer Polymer 

Light of short wave length 


1 H. Sbobb.i, Der. 45, 3398, 3403 (1912). 
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In Special cases, in which the differences between the absorp- 
tion spectra arc well marked, it may be possible to determine 
limits of wave length, on exceeding which the photo-equili- 
brium is displaced in one direction, whilst on decreasing it the 
reaction proceeds in the opposite direction. Such a case actually 
occurs with p-vinyl-anisol, the monomeric form of which 
absorbs light of long wave length only, whilst the polymeric 
modification absorbs light of short wave length only. In this 
case the limiting wave length is 330 /a//. 

It is further to be expected that amongst several possible 
products of photo-polymerization the character of the light 
employed may lead to a selection, which case will occur if the 
system is exceptionally variable, as, for example, in the case 
of cinnamic acid.^ 

The course of a photo-polymerization may, of course, be 
affected by heating, but is affected especially strongly by the 
addition of catalysts such as acids or iodine. In the case of 
certain photo- polymerizations definite indications of the forma- 
tion of autocatalysts have been observed.*^ 

Catalysts. Catalysts exercise a very great influence on poly- 
merization processes, and the behaviour of a very large num- 
ber has been investigated. Their action varies from case to 
case, so that it is impossible to generalize from the results of 
individual experiments. With this limitation, it lias been found 
that the substances shown on }>ag(^ 73. can be used.^ 

The action of the various additions is sometimes selective, 
that is, leads to tlio formation of a definite polymer. The 
effect of a catalyst is assisted by heat. Jn consequence, how- 
ever, of the ease with which the limits of stability of certain 
polymers are exceeded, the result obtained on raising the 
temperature is often quite different fiom that at ordinary 
temperature. It should also be not(*d that even in the cold 
a catalyst displactes the limit of stability in a downward 

^ See the summary of tJio experimental rt'sults obtained in J. Houbon, 
Methoden der org. Chemie^ Third Edition (1925), p. 1289 vt seq, 

® See H. Stoblx^ and K. Toepfer, 57, 489 (1924); see also H. Stobbe 
and G. Posnjak, Aww, 37 U 286 (1^909). 

* See J. Houben and H. Meerwein, Methoden der org. Chemie^ Third Edition 
(1926), pp. 602, 603 ; H. Stau^inger and H. A. Bruson, Ann., 447, 1 10 (1926). , 
TIio list makes no claim to completeness. 
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direction. Thus, according to Staudinger,^ styrol undergoes the 
same polymerization in the cold in the presence of tin tetra- 
chloride as it does at 270° C. without that substance. 


AOIDS — 

Hydrochloric acid 
Sulphuric acid 
Glacial acetic acid 
Sulphuric acid mix(‘d with glac'ial 
acotic acid 

Sulphuric acid mixed with acetic 
anhydride 
Phosphoric acid 
Picric acid 
Sulphurous acid 

SaI.TS and SaI.T-L. 1KK (VlMPOlTNDS “ 
Boron halides (fluoride, chloride, 
iodide) 

Aluminium chloride 
Ferric chloride 
Tin UUrachlorid(' 

'Fitanic chloride 
Zinc chloride 

Sodium and potassium acetates 


Mktals and Non-mktals- - 
Sodium, potassium 
Aluminium 

lodini' (and potassium tri -iodide) 
Sulphur 

Mktal-orcianic Compounds 

J*UOSl*lllNKS 

OnoANie Basks 
Pyridine 
Pijx^ridine 

Various 

Water 

Ozonides 

Superoxides 

Ciu’tam sihcati^s (floridine, 
fullers’ earth) 


Negative cataly,sis is sonu*timcs obstTvod, that is, the absence 
of any action, evtm though this would normally occur spon- 
taneously. This effect may more particularly be obtained on 
adding iodine, sulidiur,^ or es])ecially phenols. In general, 
those substances seem })articularlv susceptible to negative cata- 
lysis. which are autoxidizable, such as styrol, acrolein, and 
vinyl derivatives. Possibly the very striking action of such 
additions is due to prevention of the formation of an auto- 
catalyst, the presence of which is essential to the initiation of 
a polymerization, and to w^hich it is fairly probable that the 
character of a peroxide may be ascribed.^ It is worth noting 
that the same factors wdiich prevent polymerization in the case 

1 Her., 69, :K)31 (192(1). 

^ According to W". Stegemann, Angew., 40^ 750 (1927), in the case of motal 
halides the nature of the electronic shells plays a dc^cisi^re part. The action is 
therefore greatest if the atomic linkage is homopolar, as in the casi* of boron- 
fluoride, a.s the possession of one or more electrons by two atoms in common, 
which is characteristic of such linkages, makes the electronic shells metastable. 

® Krakau, Ber., IJ, 1261 (1878). 

* Ch. Moureu and Ch. Dufraisse, Compt. /md., 469, 1068 (1919); 170^ 26 
(1920); C. (1920), 1, 771; British Pat. 181,366; Ger. Pat. 340,871. 

^ ® See J. Houlx>n and H. Meerwein, Methoden org. Chemie, Third Edition 

1926), p. 604. * 

6— (5647) • 
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of the above-mentioned substances, also prevent the drying of 
those fatty oils in the case of which an easily polymerized 
system can only be developed by means of oxidation processes, 
such as linseed oil and poppy oil.^ As in the natural drying 
of oil autocatalytic action also plays a part, and is probably 
promoted by peroxide complexes, ^ the parallelism between the 
two cases is complete.^ 

Detection of Polymerization. The occurrence of polymeriza- 
tion can be easily and certainly detected by a number of 
phenomena. Apart from the lightening effect on the colour, 
already referred to, and due to reduced light absorption, numer- 
ous other typical changes occur. Thus liquid monomers show 
on polymerization, rise of boiling point, increased density, 
increased index of refraction, reduced dispersion and more par- 
ticularly increased viscosity, which may proceed so far as to 
produce solidification. Solid monomers show on polymeriza- 
tion, rise of melting point and reduced solubility. These 
changes are accompanied by changes in the chemical properties, 
more particularly reduction of the iodine value, reduced power 
of absorbing hydrogen and reduced tendency to autoxidation. 

Obviously, polymers must be of increased molecular weight, 
the determination of which is, however, often very difficult. 
The determinations are only reliable, more or less, in the case 
of relatively low })olymerides, and it is impossible to state at 
what j)oint they ceas(‘ to be reliable. In the case of highly 
polymerized or, and more particularly, of exceptionally insolu- 
ble substances, the usual methods obviously fail, as they also 
do in the case of colloids. Within ctntain limits, however, 
useful results can even be obtained in these cases by depoly- 
merizing the original molecule to such a degree that regularly 
soluble ])ro(lucts are just obtained. Suitable reactions for such 
a purpose must, of course, be discovered in each case. Accord- 
ing to a summary by H. Staudinger*^ of his own work and 


1 J. SflioiU'r, Farhv uml Lack (1927), 20, GOO. 

® A. Eibnor, Fctte Oele, Munich (1922), p. 53 et seq. 

® Molecules of Og nre very probably lilwrat-od ; see J. Scheiber, Farbe und 
Lack (1927), 27; Ch. Mourou and Ch. Dufraisso, Rev. gen. CaoutchouCf 4, 
No. 32, 3; C. (1927), II, 98^. 

*Ber. 5/y, 3019 (1926). 
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that of others, the following processes may bo used for the 
purpose — 

Polyoxymethylenes, Fissional acetylation with acetic anhy- 
dride, by which means diacetates containing as many as 22 
formaldehyde molecules can be isolated. 

Treatment with methyl aJcohol and® sulphuric acid (H. 



Fig. 3. Viscosity of Various Poly-ankthols 

(II. SUiKlinutT, lirr. 59, :J032 (1920) ). 


Johncr), which results in the production of dimethyl ethers 
containing as many as 70 formaldehyde molecules. 

Polyindenes, Hydrogenation (G. Schiemann), by which means 
paraffin-like substances are obtained which can be heated to 
300° C. without decomposing, and thg molecular weight of 
which corresponds to that of the original polymeric substance. 
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In this manner, complexes containing more than 30 individual 
molecules have been detected with certainty. 

The relationship between molecular weight and viscosity 
(Berl) is also of importance, and has enabled the union of 20 
to 100 individual molecules to be ascertained in the case of 
polymeric indenes aifcd ariethol : 

(CHa . CH : CH . . OCH 3 , 1, 4) 

Regarding the special relationships in the case of anethol, see 
Fig. 3.1 

Colloidal Polymerides. These substances are of special 
interest, and are also of exceptional technical importance. It 
is in no way surprising tliat with increased molecular weight, 
substances of more or less decidedly colloidal character should 
ultimately be obtained. Tlu^ variation in behaviour is, how- 
ever, remarkable, and has many puzzling characteristics, even 
if allowance*, be made for the influence of the polymerizing 
agent. 

H. Siaudingor- has attempted to characterize the recog- 
nizable types of e.olloids which are formed, and was thus 
able to classify them into association colloids, hemicolloids, 
and eacolloids. These classes of colloids have the following 
characteristics — 

Association Colloids. The colloidal j)article is not produced 
by polymerization of individual molecuU's, but by association 
of a large number of complexes of a lower order, capable of 
behaving in this manner. Thus, these are not held together 
by chemical forces, but by the action of “ space-lattice forces ’’ ; 
it is not always possible to decide whether “ molecular lat- 
tices” with crystal valency lattice forces, or multipoly meric 
lattices with main valency lattice forces, are concerned, as all 
possible gradations occur. A typical characteristic of association 
colloids, is the peJssibility of obtaining true solutions of a low 
degree of molecular dispersion, in so far as the solvent is able 
to break down the space-lattice attraction, and to form solvates 

^ On the dotenninat ion of tlie molecular weight of polymerides by X-ray 
examination, see J. H. KaOn, Kautschuk, (1927), 216; C. (1927), II, 1206. ,, 

* Lor. cit. 
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with the liberated molecules or with small molecular com- 
plexes. As the powers of the various solvents vary in this 
respect, complexes of monomolecular, dimolec\ilar, etc., magni- 
tude may be formed, the particular degree of dissociation 
depending also on the concentration. Should the solvent not 
possess the power of dissolving the lathee unions, colloidal 
solutions are formed, the character of which depends on the 
lyophilic properties of the substances in question. One may 
assume that in these cases also the original associated com- 
plexes are to some degree dissociated, but that the partially 
dissociated complexes so produced are still very large, rela- 
tively to the individual molecules, although even such a partial 
dissociation enables the solvent to combine, that is, to form 
solvates. Lyophobic phenomena, tiien^fore, occur only when 
oven partial dissociation is lacking. The colloidal particles are, 
therefore, by no means always identical with the original 
poly-complexes . 

Another characteristic of association colloids is the circum- 
stance that products of non-colloidal character are obtained 
by chemical action of a non-dissociating character. 

Hemicolloids. In hemicolloids the colloid particles are iden- 
tical with the molecules which are present, but these are not 
uniform, but are present in mixtures, the constituents of which 
are molecules of variable, but not exceptionally high, mole- 
cular weight. According to H. Staudinger, the mean mole- 
cular weight is from 2,000 to 10,000. The solutions usually 
show a low viscosity, and the viscosity is either uninfluenced or 
slightly influenced by heating or by the action of reagemts. 
Chemical attack of a non-dissociating character results in 
products of the same colloidal character. A further distinc- 
tion from association colloids, which do not form colloidal 
derivatives, is that in the case of hemicolloids the material 
properties are dependent on the degree of jfolymerization. 

The solubility, which is always of a colloidal character, is 
especially high for those solvents which are capable of dis- 
solving the fundamental monom^^r in a normally disperse 
^ manner. 

Hemicolfoids are always formed under conditions which 
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ensure the production of mixtures. These conditions are 
generally fulfilled in polymerization by heating, and more 
particularly under the influence of catalysts. 

EucoUoids. In the case of eucolloids, the colloidal particles 
are also identical with the molecules, but they differ from 
he mi colloids by the fy^t that the molecules are uniform in char- 
acter. Otherwise they have much the same characteristics as 
hemicolloids, no sharp differentiation from which is possible, 
as the conception of “ uniformity ” of molecular weight of the 
particles is not to be taken literally, but has to be interpreted 
in a suitable and reasonable manner. It is only possible to pre- 
pare eucolloids artificially in exceptional cases, as the methods 
available for the preparation of polymerization colloids usually 
result in hemicolloids only, the reason being that complexes 
of exceptionally high molecular weight are concerned. H. 
Staudinger estimates the required molecular weight at 50,000 
to 100,000, a figure which is attaiiu^d in nature, but is seldom 
achievable artificially owing to the strong tendency to exceed 
the limits of stability. The solid polystyrol, which is obtained 
in the cold, probably represents an artificial eucolloid of this 
character, as may be concluded from tlu^ fact that polystyrol 
produced at 100^ (\ shows an average molecular weight of 
about 10,000, but yields solutions which are of low^ viscosity 
compared to those of the polystyrol produced in the cold. 

Considerations regarding the Practical Production of Resins 
by Polymerization. It is naturally of interest to consider the 
bearing of general ex])erience of the course of polymerization 
processes on actual resin production. 

We may first considei the practical value of the views 
developed by Herzog and Kreidl (page 43). These views are 
undoubtedly suitable in a large number of cases for predicting 
the capacity for polymerization of any particular system, which 
may then be verified by experiment. It will be clear from the 
si)ecial cases cited (page 103 et seq,) that one is not justified in con- 
sidering the presence of a so-called resinophoric groujD to be 
necessarily identical with ci^pacity for the formation of resin. 
Naturally, the fact must also be taken into account that the 
practical confirmation of conclusions which are undoubtedly 
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correct with certain reservations, does not by itself necessarily 
imply that these can be used for the technical production of resin. 

To a certain degree, actual experience of methods of modi- 
tying polymerization processes can be utilized. The possibility 
of altering at will the conditions of the limits of stability of 
certain higher polymers is of undoubted importance, as is also 
a recognition of the special action of various agencies on 
various products, as by suitable combination of several factors 
it offers the possibility of overcoming the difficulties which are 
met with in dealing with mixtures of materials capable of 
polymerization, due to the different behaviour of the indi- 
vidual components.^ An exact knowledge of the action of the 
available methods and modifications is particularly important 
in the manufacture of highly polymerized solid products of 
hemicolloidal type which are to be used as plastic masses. In 
these cases, we are not concerned merely with the material as 
such, but more particularly with its physical condition. The 
actual mechanical requirements are such that pure polymeriza- 
tion products arc usually unsatisfactory. Certain products, 
such as vitreous styrol, are at first fairly suitable, but lose 
their characteristics on ageing unless suitable precautions are 
taken, such as the use of plasticizing agents. 

Apart, therefore, from the methods of carrying out the reac- 
tion, the means used for ensuring the durability of the elastic 
properties must be suitably chosen. Those methods used, how- 
ever, as the result of cmjfirical experiments in individual cases, 
such as additions of various kinds, are usually only partially 
suitable, as they frequently are not adapted to the character 
of the system in question. 

Guidance as to the method of procedure in any particular 
case may be found in the colloid solubility of heavy colloids 
in such solvents as form a true solution of the polymeric sub- 
stance. These considerations enable a line of procedure to bo 
adopted by which solid colloidal systems may be produced 
with some degree of certainty and success, the stability of 
which is durable, and which are at the same time sufficiently 

• ^ Those considerations apply, for example, to tl^ mixture of cyclopentadiono, 

styrol, cumarone and indene, used for the manufactuni of cumarone rosin. 
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tough, hard, and elastic. Naturally, the choice of plasticizing 
agents must take into account their volatility under the re- 
quired conditions of reaction in order that one may be certain 
that they remain within the system. 

In practice, polymerizable materials obtained by special pro- 
cesses and in a practically pure condition are only used occasion- 
ally, whilst usually such products are produced as required by 
a previous condensation, which may be of a resin-forming char- 
acter.^ This procedure entails certain advantages together with 
a number of difficulties which it is difficult to avoid. In a 
smooth condensation reaction no special difficulties will occur 
during the subsequent j)olymerization process, which is usually 
induced by a combination of heating and catalytic action, as 
the danger of too far-reaching a solidification of the mass can 
be avoided by suitable regulation of the temperature, the 
application of a vacuum, and so on. It is, however, character- 
istic of a rosin -forming combination that it is difficult to carry 
it to a final point; more particularly, the varying reaction 
velocities and the various isomers which enter into the reaction 
or which are formed during ^its course must be allowed for. 
Therefore, the course of tlie polymerization process is often so 
rapid before the (completion of the subsequ(3nt condensation 
that the vaporous l)v-products, such as water, cannot easily 
escape from the mass as it increases in viscosity. Special pre- 
cautions are thercefore required in order to avoid the result- 
ing disadvantages, such as the formation of spongy masses or 
of cracks. It is, therefore, advantageous to use methods which 
retard polymerization without interfering with condensation. 
These may consist in the use of anticatalysts, which affect 
polymerization, and which gradually volatilize, or by the addi- 
tion of solvents of the right degree of volatility, so that the 
temperature dc^cs not fall below that of condensation. Although 
it is possible by such means to obtain masses which can be 
cast and' which can then be transformed into solid polymers 
without bubble formation, the practical operation of the pro- 
cess requires great care and experience. It is, therefore, a 
particularly important fact that in many cases polymerization 

^ See tlie (?haptor oil resin -forming condensations (p. ] 33). 
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can be carried out under pressure without the formation of 
bubbles. This process, which is used more particularly in the 
hardening of phenol-formaldehyde masses (Bakelite C) is of 
great industrial importance.^ 

The difficulties above indicated are considerably increased 
if lyophilic colloids are formed, the solvent component of which 
has to be volatilized. This is, for example, the case in the 
conversion of urea-formaldehyde products into solid masses of 
vitreous character, such as Pollopas. These substances, which 
are produced in aqueous solution, and which are polymerized 
with great ease, form hydrophilic colloids from which the water 
can only be removed with difficulty and incompletely on warm- 
ing. Consequently, all attempts at dehydration naturally result 
in masses permeated with bubbles. As the addition of alcohol, 
and so forth, is unsuitable, a solution of the problem was sought 
and found by scientific research.^ 

The principles of the process, which was found to be satisfac- 
tory, consists in liberating the water stc'p by step by syneresis, 
and after dehydrating sufficiently by this means, in further 
polymerizing and dehydrating the masses comj)letely in moulds 
with semi-permeable walls. 

The systematic exploitation of the scaentific results of resin- 
forming condensation in technical practice is still in its infancy, 
but many existing difficulties will undoubtedly be overcome in 
the future. 

^ Hakolitc' (i.iii.t). H , (i(‘rnuiii l^it. 233,SO.‘k 
F. Poliak anti K. Hi])por, ('hcvi. Ztg., 582 (1924). 



CHAPTER IX 


KKSIN-FORMING POLYMERIZATION 

t 

We have already mentioned (page 52) that polymerization 
can be considered as a comlitio7ial function only of certain 
unaaturated groups. The presence of such groups is, undoubt- 
edly, a necessity for the occurrence of a reaction. The pos- 
sibility of actually effecting the reaction, however, and the 
degree of increas(‘ of molecular weight which may be attain- 
able depend upon other factors, which are conditioned by the 
general constitution of the substance, and more particularly 
by the intensification or weakening of the residual fields, on 
the saturation of which reaction depends. 

Although any system containing a so-called unsaturated 
group may j)ossibly be capal)le of polymerization under a suit- 
able stimulus, it must l)e i*emembered that the lu^cessary condi- 
tions are often of such a character that they are not easily 
discovered. Moreover, a partial reaction only may occur, and 
may render the detiHjtion of the required result difficult. If, 
therefore, a substance is described as incapable of polymeriza- 
tion in what follows, it is only to be understood in the sense 
that the usual agem^ies mv not sufficiently effective to ensure 
a reasonably smooth re.action. (^onviM’sely, when a system is 
characterized as easily jiolymerizable, this merely implies that 
it is sensitive to agemaes alrc^idy known or ordinarily used, 
with formation of sufficiently stable products. The degree of 
polymerization which is attained is decided by various cir- 
cumstances. In any case, slight and far-reaching capacity for 
polymerization must not be considered as identical. 

It is only possible to obtain a clear view of the actual phenom- 
ena by considering the varying degrees of reaction obtainable 
from individual substances, caused by polymerization due to 
typical polymerizing group§. In this way it is possible also to 
form a picture of the constitutional factors which activate or 
weaken the polymeriziiig tendency. 

82 . 
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These considerations are important in the practical applica- 
tion of resin-forming polymerization, as they indicate methods 
by which a relatively inert system may be induced to become 
more active. Naturally, we are not concerned merely with the 
structural characteristics which may be used, but also with 
the suitable application of the stimulating ^igencies. The pos- 
sibilities obtainable by rational combination of these two fac- 
tors are considerable. Unfortunately, it is for the present 
scarcely possible to establish definite rules regarding this 
matter, although certain regularities are well established. 

In the following the material is divided into — 

1. Substanees with unsaturated carbon linkages. 

2. Substances with other unsaturated linkages. 

SUBSTAN(^ES WIl^H UNSATURATED 
CARBON LINKACJES 

The Acetylene Linkage. The activity of the grouj) — 0 = C — 
is particularly noticeable in the ease of aec'tylene itsc^lf. Under 
the influence of heat (optimum at 600- 700 ' C.) ])artial i)oIy- 
raerization occurs, known as ‘‘ pyrocond(‘nsation,” which leads 
to the formation of benzenes and other aromatic hydrocarbons.^ 
These reaction products are fairly resistant to further poly- 
merization. A condensation of acetylene with formation of a 
substance of high molecular wanght occurs- under special condi- 
tions of reaction, iiaTiiely, in tlu^ presenct? of certain catalysts, 
with formation of cuprene^, but together w^ith decomposition 
processes, so that condensations probably occur in this case to 
an extensiv(‘ degree. That product of acetylene which shows 
the most definite resinous character, namely, cuprene, is com- 
pletely insoluble, and forms light brown masses resembling cork. 

In the various alkyl and aryl derivatives oi acc^tylene, the 
activity of the — C ^ C — group is comparatively small ; thus, 
for example, dimethyl acetylc^ne 

CH, . C== C . CH, 

1 Regarding yields undor special conditions, sec Cliiko Fiijio, (7. (1928), 
I. 2244. . 

® On combination of acctylcno with fats and the formation of plastic 
masses, see L. G. i^ourgoin, U.S. Pat. 1,667,786; (7. ^1926), I, 3293. 

® See Bcilsteiny I, 232; Kaufmann, Sclmeidcr, Ber. 5*5, 267 (1022). 
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can only be polymerized to hexamethylbenzene by sulphuric 
acid.^ Phenylacetylene 

C«H 6 .C=CH 

is resinified by nitric acid of density 1*35, or by concentrated 
sulphuric acid.^ Dij3henylacetylene or tolane, 

CJTs . C = C . VJi, 

which forms plates or columns of melting point 60° C., distils 
undecomposed, and is, therefore, extremely stable.^ Dinaphthyl- 
acetylene b(*haves similarly. Phenylnaphthyl acetylene is 
described characteristically as having ‘‘ no strongly unsaturated 
character.’'^ 

Even the introduction of the carboxyl groux) does not increase 
the reactivity, thus differing from its effect in the case of 
certain ethylene j)ro(lucts. Thus, ju-opiolic acid CH = C.CDOH 
shows but a very slight tendency to polymerization.^ The 
ethyl ester of plienylj)ropiolic acid, 

(\,Ur,.C=C 

polymerizes on heating for twelve hours at 210° C., practically 
with the sole formation of l-phenyl-naphthalene-dicarboxylic 
acid — 2-3 — diethylostc'r.^^ P}ionylpn)piolic acid itself is poly- 
merized by acetic anhydride or phosphorus oxychloride, the 
action of which results in the quantitative formation of phenyl- 
naf)thalene-dicar boxy lie acid or its anhydride. 

On the otluT hand, the strongly activating action of partial 
substitution by halogens is remarkable and very important. 
Bromacetylene, CFT ih CBr, polymerizes to a considerable 
degree, even by the action of light, witli formation of products 
which are soluble with difficulty and which decompose on melt- 
ing.'^ Phenylchloracetylene, an oily j)roduct, resinifies with 
^ S«e Bi'ihtcin, ], 249, 

2 (aiis('r, Zfs. f. (^h4m. (1809), 98; eornpttro Beihtein^ V', 511. 

® BvilHk’in^ V. ()5(i; with concent rat (hI U 2 SO 4 clcsoxybonzoin, 

Cell, . CH 2 . CO . C«H, 

is obtained. 

* P. Rng^li. M. Rciiicrt, Hch\ chim. Acta, .9, 67 ; C. (1926), I, 2468. 

* Beilstein, II, 477. 

* Pfeiffer, MOllcr, Ber., 4(^ 3841 (1907); compare BdlsteirttlX, 634. 

’ Ssabanejew, Ber., 18, Ref. 374 (1886); compare Beilstein, I, 246. 
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polymerization at a fairly high temperature.^ The correspond- 
ing bromo- and iodo-products are polymerized on heating, and 
also on standing or on illumination. This strongly activating 
effect of partial halogenation is also to some extent existent 
in the case of the ethylene linkage, which will be discussed 
later. On the other hand, fully halogenat^d acetylenes do not 
react. Dibromacetylene shows no appreciable capacity for 
polymerization.^ Other negative radicals also neutralize the 
effect produced by partial halogenation ; thus, iodo-propiolic 
acid is inert. Analogous results are also obtained on intro- 
ducing a second carboxyl group, so that the comparativ(5ly 
weak activity of propiolic acid vanishes completely in the case 
of acetylene-dicarboxylic acid. 

Thus, the — C C - group is fairly active in the form of 
acetylene, and of certain halogen substitution products; but 
the polymerization juoducts or condensation })roducts, when 
they attain the comj)]exity necessary for the formation of col- 
loids, are either extraordinarily unstable and even explosive,^ 
or form completely insoluble products. Tt is oTily by a suitable 
combination of halogens and alkyl or aryl derivatives that the 
necessary conditions for the production of products, which 
could be described as resins, can be obtained. Thus, the pro- 
ducts obtained by the Konsortium fur elektrochemische Indus- 
trie G.m.b.H.,^ by the action of acetylene on suitable organic 
compounds such as aliphatic, aromatic and alicylic hydro- 
carbons, alcohols, glycols, phenols, acids, esters, and so forth, 
are completely determined in their principal ])roperties by the 
catalyst which is used. If mercury salts are used, acetaldehyde 
is first produced by combination with water, and then forms 
acetaldehyde resin or some aldehyde condensation product by 
further condensation or reaction with the other organic sub- 
stances. This reaction must, moreover, be induced by adding 

^ Nef., Ann.j SOS, 321 (1899); (;oini)an' BeiUtein, V, hi 2. , 

8 A. Michat'l, J. prakt. Chem., 00, 439 (1899). 

® Thopolym(>rizationof acetyl one with format ion of liighly ox}4osivt> productfl 
takes place, for example, under the influence of the sil(*iit electric discharge, by 
which a high polymerido is formed wliich dfjeomposes explosively on distilla- 
tion; see Berthelot, Conipt. rend. Ill, 471 (1890); Losanitsch, Ber., 40, 4669 
• (1907); Monat^h., 20, 753 (1908), etc. 

^ French Pat. 693,338 ; Austrian Pat. 103,106 (1926), II, 1791. 
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an auxiliary catalyst after saturation of the system with 
acetylene. If, on the other hand, anhydrous aluminium chloride 
is used, for example, in dry benzene, a product is obtained which 
resembles cuprene and can be used as a substitute for cork. 

In its behaviour towards the introduction of carboxyl groups, 
and more particulajly of })hcnyl grouj)s, the acetylene linkage 
differs typically from the ethylene linkage, although otherwise 
there are undoubted analogies between the two groups. The 
ethylene group is not remarkable for exceptional activity, 
which is rather surprising. Saturation occurs by preference 
with formation of aromatic complexes, or by addition of water 
and conversion into aldehydes or ketones. 

An accumulation of acetylene groups, particularly when these 
adjoin one another, 

—C =C -C hhC— 

has a strongly activating influence on the power of poly- 
merization. The simplest compound of this character, namely, 
diacctylene (butadien(^), 

no OH 

is a clear liquid of freezing point 30-37^ C., which already 
polymerizc^s at temperatures of above 0° C. The brownish- 
black products which ex])lode mildly on heating, are infusible 
at 350"^ (v., and are com])letely insolubh;.^ 

The dimethyl and diethyl derivatives a})pear to be much more 
stable, as do also their dihydroxyl derivatives.- Diphenyl- 
diacetylene, 

c.H., .v=c. 0 = 

shows no tendency to j)olymerize, but chars with concentrated 
sulphuric acid at a gentle heat.* On the other hand, di-iododi- 
acetylene^ and the di-carboxylic acids^ show a stronger 
tendency to polymerization. 

The circuinstanije is of great interest, that by the introduc- 
tion of methylene groups between the two triple linkages it 

i Fritz. G. Miillor, Hilr. chkn. Acta, 8, 826; C. (1926), I, 1389. 

* BeiUteia, I, 266. , 

3 Glaser, 154, 169 (1870). 

■* Ber., IS, 2276 (1885); compare Beilatein, I, 2^6. 

* Baeyer, Ber,, IS, 2271 (1885); compare Beilatein, II, 810. 
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appears that a considerably increased activity is obtained, in 
contrast to the effect of simple mcthylation at the ends of the 
chain. Thus, methyl-propargyl-acetyleru? 

CH3.C -C.C’Ha.C =CH 

is readily polymerizable.^ Dipropargyl 

CH ~ CH., . CHa , C = CIl 

resinifies on standing in the air and more rapidJy on warm- 
ing, which may possibly be due to oxidation.- The influence 
of the triple linkage is comparable to the action of the ketone 
group on neighbouring methylene groups. 

The Ethylene Linkage. The sim])lcst representative of sub- 
stances with the characteristic linkage > C = C < is ethylene, 
the tendency to polymerization of which is not so great as that 
of acetylene, even under the influence of very active stimuli.^ 
Thus, it is necessary to work with specially active catalysts, 
and sometimes under pressure, whereby, according to the latest 
communications,^ smooth polymerization is certainly obtained 
with formation of oily products. Higher olefines, isobutylene, 
amylene, etc., form dimeric and trimeric polynierides under 
the influence of boron fluoride, sulphuric acid, zinc chloride, 
and so forth. ^ But, similarly to acetylene, ethylene, which 
is substituted by halogen in one carbon atom, shows a far- 
reaching tendency to polymerize. By the action of light it 
forms insoluble amorphous masses.® 


Biiilstciny I, 266. 

Boilstoiii 1, 266; also C. C. Coffin and O. Maass, C. (1928), I, 1643. 
See, inter alia, A. R. Olson, C. H. Moyers, J. Am. (Jhvm. Sac., 48, 389; 
C, (1926), 1, 2435. 

^ W. Stegemann, Angcw., 40, 750 (1927). 

* J. Houl^n— TI. Meerw( 3 in, Methodcn dvr org. Chvm., Tl\ird Edition (1925), 
p. 609. 

® S 0 O Beilstvin, I, 186, 189, 190; a detailed compilation is given by C. Ellis, 
Synthetic Reaim and Their Plaatica, pp. 299, et aeq. On “ Polymerization by 
Light in Solution in the Presence of Catalysts,” se (3 Cerrnan Pat. 362,666; 
Kunatat., 12, 176(1 922) ; see also Chem. Fabr. Griesheirn-Elektron, German Pat. 
281,877 (1913); French Pat. 474,086 (1914) ; Plotnikow, Z. wiaa Phot., 21, 117 
(1922). On the Production of halogenvinylene from Acetylene, etc., see 
British Pats. 156,117; 156,120-1; U.S. Pats. 1,425,130; 1,436,288. OnPilms 
Jrom Vinyl clilqride, see L. A. van Dyk, British Pats. 255,837 ; 260,550 ; French 
Pat. 621,604. 611 Gels, s« 3 e G. Flumiani, Kolloid-ieilachr., 45, 152 (1928). 
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A further reaction is of great interest, namely, that dis- 
covered by Matthews and Elder, ^ between ethylene hydro- 
carbons and sulphur dioxide under the influence of sunlight or 
of ultra-violet radiation, forming horn-like or glass-like solid 
masses, the use of which has been jiroposed as horn and celluloid 
substitutes. The reaction probably depends on polymerization 
of a compound of the hydrocarbon with sulphur dioxide. 

Cyclic ethylene hydrocarbons, such as cyclohexene, show but 
a slight tendency to polymerization, which usually only occurs 
in the presence of especially active catalysts. ^ Cyclo-octene 
and cyclo-octadiene — 1 5, are, on the other hand, fairly reac- 
tive, a behaviour assumed to be due to especial stresses in the 
ring.^ If halogen atoms are united with the two carbon atoms 
of the unsaturated linkage in cyclic compounds, those are very 
active. 1 — bromocyclobutene (1), C^HgEr, rosinifies on ex- 
posure to air.'^ 1-2 dibromocyclobutene (1), C^H^jBr^. is partially 
converted on standing into a j)oly meric; white powder, insoluble 
in ether, alcohol, chloroform, and glacial acetic acid.^ 

The jihenyl group adjoining the ethylene linkage increases the 
tendency to f)olymeriz(^ to an exceptional degree. 

The most important member of this group is styrol, 

oil --CH., 

which shows an exceptional capacity for polymerization. 
Styrol boils at 14()^ C., and its density is 0*911 at 15® C. When 
exposed to light for three weeks, or heated for three days to 
100® C., or heated for half an hour to 200® C., this liquid is 
converted into solid metastyrol (CgHH),r.^ 

In the dark and at the ordinary temperature, the same 
change takes place very slowly.^ On heating a solution of 

^ British Pat. 11,035 (1914); Kunstst.^ /2, 0 (1912); see also Singer, Kanto* 
rowiez, (rorman Pat. 312,917 (1910); (’. (1919), IV, 375; Singer, French Pat. 
516,690; Kunstst, /2, 70 (1922). 

W. Stegernann, cit. 

Willstdttor, Waser, Be.r.y •/.?, I ISO (1910); Willstatter, Veraguth, Ber. 38, 
1979 (1905). 

* Willstattor, v. Schrnarlel, Her., 3S 1998 (1906). 

* Willstatter, Bruce, Ber., 40, 3990 (1907). 

* Blyth, Hofmann. Ann,, 5^%, 314 (1846); Simon, Ann., 31, 207 (1839); 
Beitatein, V, 476. 

^ Lemoino, Cotnpt. rend., 125, 630 (1897) ; 129, 719 (1899) ; c 9 mparo BeiUteir^, 
V, 476. 
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styrol in toluene in a closed tube to 200° C., meta-styrol is 
also formed.^ A polymerizing effect is also produced by con- 
centrated sulphuric acid,^ sodium-malonic-ester.® and similar 
compounds. According to Krakau,^ small quantities of brom- 
ine, iodine, or sulphur hinder polymerization. The addition of 
quinone, trinitrobenzene, and so forth, hag a similar effect.® 


3.5 
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|J> 

1^0 
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Fi(j. 4. Viscosity of Vahious Mftastyrols 
(Staiulliigrr, l\vr. 5l», a(KU (li)20) ). 


Metastyrol (d^g — 1*054)® is a white amorphous product 
which can be powdered. It is insoluble in water and alkalies, 
very slightly soluble in boiling ether, and inert to bromine and 
to permanganate. On distilling carefully at about 320° C. it 

^ Borthclot, Bull. moc. rhiin. (2), 6*, 294 (I8(5t)). 

Berthelot, loc. cit.y 290. 

3 Vorlandor, Horniann, C. (1^)99), I, 7.30. 

^ Bcr., lU 1261 (1878). 

s U.S. Pats. 1,660,323-4; C. (1926), I, 233. 

*« Scharling, Ann., 97, 186 (I866)r 


7 — (5647) 
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is reconverted into styrol.^ With styrol and other organic 
liquids, metastyrol forms colloidal solutions. A mixture of 80 
parts of metastyrol with 20 parts of styrol has a vitreous 
character, and has been recommended as an amber substitute.* 
Interesting results were obtained during an investigation 
of the metastyrol qjbtained under various conditions by M. 
Brunner and S. Wchrli.* According to these investigators, at 
a low temperature poly sty rols are obtained, which melt at a 
relatively high temperature, are cf high molecular weight, and 
insoluble in ether, and the solutions of which are highly 
viscous (eucolloids, see page 78) ; whilst at higher tempera- 
tures, or in the presence of catalysts which act in a similar 
manner, products are obtained of lower melting point, of lower 
molecular weight, and which are loss viscous and more readily 
soluble. (Hemicolloids, see page 77.) The relationship between 
these various properties and the molecular weight is indicated 
comprehensively in Fig. 4 and in the following table of the 
properties of polystyrol fractions, which were obtained from a 
polystyrol produced by means of tin tetrachloride, by treat- 
ment with solvents. 

PROPERTIES OF POLYSTYROL FliACTIONS 
(Stttudingor, Ber., 59, 3032 (1920).) 


Unfrac- 


l^ro per ties 


Fra(*tions 



tionatod 

Mixture 

Molecular weight. 

1,100 

3,000 

5„300 

7,600 

13,000 

2r600 

Degree of poly- 
merization 

11 

29 

51 

73 

126 

26 

Molting point (®C, ) 

80-100 

111-140 

120-160 

125-160 

136-170 

106-160 

Viscosity^ . 

60 

80 

102 

129 j 

193 

94 

Solubility in petro- 

readily 

readily 

partially 

partially 

in- 

partially 

leum ether 

.soluble 

soluble 

soluble 

soluble 

soluble 

soluble 


* Blyih, Hofmann, 53, 314 (1945); H. Stobbe and G. Posnjak, Ann., 

371, 269 (1909). 

» Naugatuck Chem. Co., U.S. Pat. 1,613,674; G. (1927), IT, 174. 

» Staudingor, Her.. 59, 3031 (1926). 

* The dgures indicate tim^s of discharge in seconds from ^n OstwaJd viz ? 
cosimeter. Time of discharge for benzene = 34 seconds. 
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On the theoretical aspects of the polymerization of styrol, 
see Kronstein,^ Stobbc and Posnjak,^ Stobbe,® and others. 

The polymerization of styrol may also be carried out in such 
a manner that a liquid distyroP is produced of boiling point 
310-312° C., and density (at 15° C.) of 1016.5 
C.Hg . CH - CH . CH (CHg) 

This compound is obtained by heating for several hours at 
170° C., with hydrochloric acid of density 1*12,® or on standing 
for some time with a solution of 1 volume of pure sulphuric 
acid in 9 volumes of glacial acetic acid.'^ With a potassium 
iodide-iodine solution, a saturated dimeride is obtained,^ con- 
taining a 4-carbon ring. (Formula, page 61.) 

Styrols which are substituted by halogens at the ethylene 
linkage, liberate halogen anhydrides more or less readily with 
formation of fairly stable acetylene dorivates. 

The products obtained on the introduction of alkyl groups 
into styrol show a rapidly decreasing cai)acity for polymeriza- 
tion with increasing magnitude of the alkyl group. Propenyl- 
benzene 

C,H,.CH - cu.CH, 

is converted into a saturated dimeride on boiling with sodium,® 
which can also be obtained by the action of concentrated 
sulphuric acid. The corresponding product which is methylated 
in the para-position, namely, l-niethyl-4-propenylbenzene, 
polymerizes to a thick oil of boiling point (at 18 mm. pressure), 
202-206° C., and density (at 21°(-.) of 0-896.^® Isopropenyl- 
benzene 

C,n,.C(CH3) CH., 


^ Ber., 35. 4153 (1902). 

37 h 259 (1909), 

a Ann.. 409. 1 47. 2701 (1914); Angew. 35. 578 (1922). 

* Stoblie Posnjak loc, cit, 292. 295. 

^ Fittich, Erdmann, .Aim.. 210. 187 (1883). 

* Erlmoyer, Ann.. 135, 122 (1865). 

^ KOnigs, Mai, Ber.. 25. 2658 (1892) ; according to H. Stobbc and G. Posnjak, 
Ann., 371, 287 (1909), a solid distyrol melting at 124° C., wliich also shows 
unsaturated characteristics, is obtained on distilling calcium cinnarnate, and 
is an isomer of the unsaturated dimeride. See also Miller, Ann.. 189, 340 
(1877); Engler, Loist, Ber., 0, 256 (1873). • 

® According to H. Stobbo (private communication). 

• • Errera, Oazt. chim. Hal., 14. 509 (1886); BeilMein, V, 482. 

10 Klagos, Ber., 35, 2263 (1902). 
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of boiling point 161-162° C., polymerizes on heating with con- 
centrated hydrochloric acid under pressure,^ or by the action 
of concentrated sulphuric acid of 66° Be in a freezing mixture,^ 
to form a crystalline hydrocarbon C|yH2o melting, at 52° C. 
and boiling at 299-300° C. The product which is methylated 
in the para-position behaves in a similar manner. Higher 
homologues appear to be relatively stable. 


Indenk, 


/\-CH 



must also be considered as a styrol derivative, which may be 
expected to show considerably more activity than propenyl- 
benzene in consequence of the ring formation. Indene is a 
colourless liquid of boiling })oint 1 82*2-1 82*4° C. at 761mm. 
pressure, which solidifies in the cold to form crystals melting 
at - 2° C., and which is very oxidizable. It commences to poly- 
merize at the ordinary temperature and in the dark. On dis- 
tilling or heating it pol^anerizes rapidly, para-indene being the 
main product ; whereas by heating for 20 hours under reflux, 
indene is converted into para-indene to the extent of 30 per 
cent only. The process is accompanied by fission processes 
which lead to the formation of hydrindene and truxene. 
(C27H18 )® Indene is contained in the same coal-tar fraction 
as cumarone, from which it cannot be separated in a simple 
and practical manner. The so-called cumarone resin is a mix- 
ture of polymers of indene and cumarone, which is obtained 
technically on a very large scale by the action of concentrated 
sulphuric acid, aluminium chloride, and so forth, ^ on these 
substances or on ^-he corresjumding concentrated tar fractions. 

A para-indene which was obtained by the action of sulphuric 
acid formed a white mass soluble in benzene, of melting point 


^ GHgriani, C. (1901), 11, 024; Beilstein, V, 490. 

* Tiffeneau, Ann. chirn., (8), JO, 158 (1907). 

•*» Weger, Billmaim, 040 (1903); Beilstain, V, 616. ' * 

* Kraemer, Spilkor,# Ber., 33, 2260 (1900); compare Ber., 23, 3278 (1890). 
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210° C. this melting point varied slightly in consequence of 
the presence of varying proportions of cumarone and methyl- 
cumarone,^ By varying the quantity and concentration of 
the sulphuric acid, Marcusson^ obtained various para-indenes. 
Thus, with concentrated sulphuric acid a product was obtained 
which was insoluble in ether and nielte^ at 210° C. On the 
other hand, with dilute acid or with very small amounts of 
concentrated acid, a mixture was obtained of a substance, melt- 
ing at 166° C., soluble in ether, and insoluble in ether-alcohol. 
Para-indene distils at 290-340° C. with formation of indene, 
hydriiidene^ and truxene.^ On the theory of the polymeriza- 
tion of indene, see H. Staudinger.^* H. Stobbe and E. Farber"^ 
carried out an excey)tioiially complete series of experiments 
on the pol^mierization of indene under the influence of the 
various agencies, such as heat, pressure, light, sulphuric acid 
and various salts. Among the })roducts they also obtained one 
which they characterized as ineta-indene. Very comjdete 
investigations have been made by G. S. Whitby and Morris 
Katz‘S on the variations of the properties of the indene polymers 
obtained by the action of heat, antimony-pentachloride and 
tin chloride. On a resin suitable for varnishes obtained by the 
catalytic hydn^gcjiation of poly-indenc', see H. Staudinger.® 
The methyl indencs, such as 1 -methylindene, boiling point 
206-206° C.,^^ and a mixture of isomeric methylindenes ob- 
tained from the coal-tar fraction of 200-210° C. after removal 
of the bases and tar acids, also show a capacity for polymeriza- 
tion. They are also characterized by being easily oxidized. 
In the case of cyclic homologues, such as phenocycloheptene, 

>CH, 

- CH 

‘ Kratuner, Spilker, 33y 2260 (1900). 

2 Kraomer, Spilker, Ber., 34, 1887 (1901). 

“ Glaser, Brenn. (Ihem. (1921), 113. 

Kraemor, Spilkor, Ber., 33, 3016 (1900). 

■’ Woger, A?iffr7j\, 22, 345 (1900). 

« Ber„ 50, 3032 (1926). 

7 Ber., 57, 1838 (1924). 

« J, Amrr. Chejn. Soc., 50, 1160^ C. (1928) 1 2821 
» Swiss Pat. 121,817; C. (1928), I, 2465, 

Closer, Ann., 247, 159 (1888). 

“ Boes, Ber., 35, 1762 (1902). 
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the presence of the capacity of polymerization is very doubt- 
ful> 

Indeiie may be considered as a propenylbenzene modified 
by ring formation, and is closely allied to cumarone, which 
must be considered as a cyclic ether of a hydroxyvinyl-l- 
hydroxy benzene-2. , 


/V-CH 




CH 

\/ / 

CH3 

Propoay 1 zone 



CH2 


Iiidone 



Hydroxy vinyl - hydroxy bnnzone Chirnarono 


Cumarone, CgHgO, was obtained by Kraemer and Spilker*^ 
from those constituents of light tar oils boiling at 168-175° C. 
after removal of the ])henols and bases. It forms a clear liquid 
of peculiar snu^ll, of specific gravity 1 096, and boils at 168*5- 
169° C. (Fittig and Ebert), or at 172° C. according to Weger. 
Pure cumarone shows a distinct tendency to polymerize to a 
limited degree, which generally leads to the formation of tetra- 
merides, in presence of aluminium-chloride, strong alkalies 
and strong mineral acids. ^ The product of this polymeriza- 
tion is known as para-cumarone, and forms a hard, brittle mass 
of conchoidal fracture, of specific gravity 1*25 at 19° C., melting 
point 107-108° C.. which is soluble in benzene. Tt should be 
noted that the f)olymerization can be carried further, with 
formation of insoluble products, for example, by the action of 
an excess of 95 ])cr cent sulphuric acid. Regarding the tech- 
nical importance of the })olymerization of cumarone, see the 
chapter on Cumarone Resins. 


^ Kipping, Huntor, J. Chem. Soc.^ (S’5, 247 (1903). 
2 Ber., 23, 98 aS90). 

» Kraemor, Spilfker, Bcr., 33, 2257 (1900). 
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The tendency to polymerization of styrol is i*emarkably 
reduced by substitution by aryl groups ; thus, iso-stilbene (cis- 
stilbene) is readily converted into stilbene (cis-trans-form) on 
heating to about 170-178° C., also by sunlight or in presence 
of traces of bromine or iodine.^ All that occurs, therefore, is 
a saturation of valencies within the molecule. Stilbene itself, 

C..H5 . CH - CH . 

forms a crystalline dimoleoular stilbene of freezing point 1 63° C. 
by the action of light for a considerable period in benzene solu- 
tion.^ By the continued action of ultra-violet radiation it is 
partially converted into iso-stilbene.® This insensitive beha- 
viour contrasts to a certain degree w ith its power of autoxida- 
tion, by which means it easily forms benzoic acid and resinous 
products. In the case of unsymmetrically substituted products, 
the reduction of the sensitiveness is still more marked; thus 
whilst 

a. a-di})h(5nyl(‘tljylt'ii(‘ ((',, 115)20 CHg 

is capable of conversion into a dimeridc*,^ 


a . a-dii)h''nyl-a-proi)yI(‘iW‘ ((',( 1 ^ 5)2 C C’H 

hardly shows any further power of polymerization.^ On the 
other hand, diphenylethylene 

1 cu, 

(\.H, 

forms a polymer of high molecular weight with extraordinary 
ease even in diffuse light, and more slowly in solution.® 

^ Compare Beihtein V, 63.'?. 

2 Ciamiciaii, Silljer, Ber., 4129 (1902); Oazz. chim. Ital.^ 34, II, 143. 
The nature of the solvent plays an important part ; thus, for example, solu- 
tions in alcohol, ether, chloroform, trichloretliylene apd pyridine are inert. 
The photo-equilibrium inclinoK in the direction of the diineride jn light of 
long wave-length, and in that of the monomerido in light of short wave- 
length. See also H. Stohl^e, Ber., 47, 2703 (1914); Amjew , 33, 587 (1922). 

* Stoermer, Ber., 42, 487 i (1909). 

♦Hildebrand, Dissertation, Strassburg J[19()9); L<d)c>dew, Androowsky, 
Matyuschkina Ber. 36, 2349 (1923). 

• ® See, howevpr, Hepp, Ber., 7, 14i2 (1874). 

® Wieland, Reindol, Ferrer, Ber., 55, 3313 (1922). 
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The hydroxyphenyl group induces a considerable increase of 
sensitiveness ; thus, o-hydroxystyrol 

CHa - CH . . OH 

polymerizes on storage, on exposure to light, and particularly 
on heating on a ^vaVer bath, to a dirneride in the form of a 
solid mass insoluble in alkalies and as liard as glass. ^ The 
formation of ])olymerides of still higher molecular weight can 
be deduced from the fact that a bright red resin is produced 
with concentrated sulphuric acid. No observations appear to 
have been made on m-hydroxystyrol.^ The corresi)onding 
para-derivative is unknown.^ The relationships regarding the 
methoxyl derivates are better known. Thus, o-methoxy-styrol 
polymerizes to a hard product on storage,^ under the influ- 
ence of sunlight,^ on heating to 150^ and by the action 
of acids m-mothoxyl-styrol is converted in a few days by 
direct sunlight into a transparent brittle mass ;^^ p-methoxy- 
styrol (p-vinyl-anisol) polymerizes spontaneously to form a 
polymer of high molecular weight.*’ The conclusion may be 
drawn that substitution in the para-position is particularly 
effective. 

Methylated product'^ are also sensitive; thus, o-isopropenyl- 
phenol, 

rii, C(CH3)(;,H4 . OH 

polymerizes readily on standing. Anethol, p-methoxypro- 
peny 1-benzene, 

CHa.C’H CH . C..H4 . OCHa 

is converted into anisoin by small quantities of concentrated 


' Fries, Fifkowirth, Brr., •//, H70 (1908). 

2 G. Komppa, Disaertation, Holsingsfors ; Bcr., 27 K., 677 (1893). 

® CoTnj)are linlstciJi ,^\1^ 561. 

4 Pschorr, Einbock, Her., 3S, 2076 (1905). 

^ Klagos, Ber., 36’, 3587, Footiiot ' 2 (1903). 

« Porkin, J. Chem. Boc., 33, 212 (1878). 

’ PschoiT, Eiiibc'fk, lor. rit. 

® Loc. cit. 

® Tiffonoau, Ann. chhn., (8), 10, 349 (1907); compare BeiUtein, VI, 561; 
H. Stobbe, K. Toepfer, Ber.^^57, 484 (1924). 

Hoering, Braun, C. (1909), 1, 1522. 
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sulphuric or phosphoric acid,^ indicating preliminary fission 
with formation of anisaldehyde. On treating with tin tetra- 
chloride, however, higher polymers of the hemicolloid type are 
produced. (See page 77.) On the capacity for polymeriza- 
tion of the kindred eugenol and safrol derivatives, see Ciamician 
and Silber.2 ^ 

Nothing definite is known regarding the behaviour of diaryl- 
substituted products. At any rate, no noticeable tendency to 
polymerization is shown, for example, hy a-phenyl-a-hydroxy- 
ph enyl -ethylene , ^ 

(,h,.c.c,H4.oh 

II 

CH, 

or by the dimethylether of a,a-Bis-(4 hydroxy f)henyl)-ethy- 
lene,"^ 

OCHa)^ 

Regarding other aryl substituted ethylenes, we may men- 
tion that 1 - 4-divinylbenzene 

OH., CH.C..ff4.CU 

resinifies completidy on heating or an att(unpting to distil it.^ 
Rc^garding vinyl-napht})alen(\s. it is stated that l-})ropcnyl- 
naphthalene, 

(VH7.CH --CH.CH3 

polymerizes partially on boiling.^ 


CH- CH 
I I 

A cena j)htl lone , 


^ Cahours, Ann , 41, O.'J (1S42) ; on poly-anotJiols comparo Staudinger, Bev.^ 
59, 3032 (1920). 

2 Ber,, 42, 1389 (1909); seo also C. Ellis, Synth. Basins and Their Plastics, 
p. 304. 

» Stoormer, Kippe. Bar., SO, 4003 (1903); 37, 41 (>6 (1904); Ann., 342, 4 
(1905). 

* Gattormann, Bar., 22, 1132 (1889). 

‘ Ingle, Ber., 27, 262S (1894). * 

, ® TiSoneau, Daudel, Compt. rend,, 147, 679 (1908); oomparo Beilstein, V, 

698 * • 
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is stable.^ Anthracene, which may be considered as a kindred 
substance, can, as is well known, be converted into crystalline 
dianthracene. 

Influence of the Carboxyl Group on the Ethylene Linkage. 

The carboxyl group exercises a polymerizing tendency on the 
ethylene linkage in, those cases only in which it occurs in an 
adjoining position, and when, in addition, the ethylene group 
is placed at the end of the chain, so that the following structure 
exists — 

CII2 C(R) . COOH 

This circumstance reminds one of the peculiarity of the methyl- 
ene ketones. (See page 105.) The acids in question show quite 
considerable power of polymerization, particularly in the form 
of their esters. 

The simplest representative of tins group is acrylic acid, 

CHg CH.COOH 

a liquid with a penetrating smell of aec^tic acid, of freezing 
point 13° C. and boiling point about 139° (-. which polymerizes 
on boiling . 2 The methyl ester is much more reactive, as it is 
converted into a solid polymer on standing for some time, on 
heating and on exj)osure to sunlight. 

This polymer is a transparent jelly which cannot be melted 
without decomj)osition and cannot be distilled at ordinary 
pressure. It is almost without odour, has a density of 1-2222 
at 18-2° C., is insoluble in acids, alkalies, water, alcohol and 
ether, and swells to a slight extent in boiling glacial acetic 
acid or benzene without dissolving. If this solid substance is 
distilled at 115 mm. pressure, a liquid polymeric modification 
distils which is insoluble in water, but easily soluble in alcohol 
and ether.3 

The ethyl estepof acrylic acid polymerizes on distillation.^ 

^ Coniparo Beilslein, V, 025. 

^ Riiber, Sdietolij?, Ztschr. phys. Chvm., 7A\ ;U8 (1904); J. pralct. Chem. (2), 

494 (1900); (‘oiuparo Bvil/ftriy, IJ, 39S. 

8 Kahlbaiun, Bcr., 13. 234S (18S0); JS, 2108 (1885) Compare Beilstein, II, 
399. ^ t 

*■ Weger, Ann,, 221, 80 (188.3); van der Burg, 7?rc. irav, Chitn., 41, 21 (1922). 
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The polymerides of the ester were proposed as rubber 
substitutes,^ and as resinous vehicles for pigments, and so 
forth. 

O. Rdhm^ produces polymerides by exposure of the liquid 
esters, for example, the allyl-alcoliol ester, to light. These poly- 
merides can be used as varnishes or vejiicles for ])igments 
after solution in acetone, the esters of the lower fatty acids 
and other solvents ; it is stated that in this way coatings are 
produced which are quite inert to weathering and many 
other chemical influences, colourh^ss, transparent, elastic and 
very tough.’’ Methylacrylic acids 


. cooH 


is converted quantitatively into a polymeride on prolonged 
heating in a sealed tube to 130° or on prolonged storage 
at the ordinary temperature, and more quickly on the addi- 
tion of a few drops of hydrochloric aeid.^ The polymeric 
methacrylic acid forms a porcelain-like mass which can be 
obtained as a light flocculent powder by solution in absolute 
alcohol and precipitation with anhydrous ether It is fairly 
easily soluble in alcohol, more slowly in water with preliminary 
gelatinization. soluble with diftieulty in phenol, v(iry slightly 
soluble in acetone and insoluble in chloroform, benzene or 
glacial acetic acid. Its molecular weight was found by Mjden® 
to correspond to The product becomes yellowish 

in colour at 150° C., shows signs of decomposition at about 
200°<^., and volatilizes at 300° (/. without melting. It is 
scarcely attacked by fuming nitric acid, chromic acid, molten 
potash or concentrated sulphuric acid, but is dissolved slowly 
but completely by ammonia 


1 German Pat. 262,707 (1912); British Pat. 613 (1913) ;*Belprian Pat. 262,631. 
Compare KumtsL^ 3, 276 315, 375 (1913). 

Merman Pat 295,.340 (1 915) ; Swiss Pat. 79,S04; Austnan Pat. 79, 326. 
Compare Kunstst, 7, 24, 305 (1917); .9, 261 (1919); 79, 215 (1920); C\ (1917), 
I, 42. 

» Fittig, Engelhorn, Ann., 200, 71 (1880); Bir., 30, 1228 (1897). 

» * BischoU, Walden, Ami,., 270, 110 (1894). Compare Beilstein, II, 422. 

* Loc. cit. * ^ 
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Neither the isomeric acids nor the homologous products show 
any tendency to polymerize. Thus, the crotonic acids 

CHa.CH=CH.COOH 

vinyl-acetic acid, 

CH^-CH .CH^.OOOH 

% 

and even y-bromo-vinylacetic acid, 

CHHr -OH . CHa . COOHi 

are not polymerizable. 

Whilst free itaconic acid 

0H2-(^H((XK)H) . OHa . COOH 

shows a tendency to be converted into its anhydride or into 
isomers, its esters (the dimethyl, diethyl, and diamyl esters) 
have a strong tendency to polymerization with formation of 
vitreous masses.-^ 

Even when the ethylene linkages is present in cyclic products, 
a neighbouring carboxyl grouj) induces no tendency to i)oly- 
merization.® The corresponding esters are also stable. 

In the simultaneous presence of the phenyl and carboxyl 
groups, each of which are f)owerfid promoters of polymeriza- 
tion, an exce})ti()nal reactivity of the ethylene linkage might 
be expected, but this is by no means the case ; on the con- 
trary, the j)roducts show but little tendency to polymerize ; 
thus, these individually active influences largely neutralize 
each other. For example, citinamic avid exists in the form of 
various isomers in which a varying degree of saturation j^rob- 
ably occurs within the molecule, but polymerizes merely to 
crystalline dimeric products, namely, truxillic and truxinic 
acids.'* Further, styrol is easily formed on heating, with 

’ It is proparod from tlio corresponding nitrile by treatment with fuming 
hydrochloric acid, kSj’o Lospieau, Afin. rhirn. (7), 77, 274 (1897). 

2 See Knops, Ann., 24S, 170, 201 (1888); Anschutz, Ber., ;iS, 693 (1906); 
77, 2787 (1881); Fittich, Bock. Ann.. 331. 174 (1904); Walden, Ztachr. phya. 
Chem.. 20. 382 (1890); compare Beilatein. II, 762. 

See Beilatein, IV^ 41, aeq. This is true, for example, for cyclohexene and 
cyclopententJ carboxylic acids,* and also for cyclopentene -ace tic -acids, etc., 
and for their esters. 

* See esjwcially H. Stob^je, Alice Lolifeldt, Ber., 5S. 2416 ^1925), regarding 
the action of light of various wave-lengths. 
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separation of carbon dioxide. The esters are more sensitive. 
Thus, the ethyl ester of cinnamic acid polymerizes on very 
long storage in the dark to form a white insoluble powder 
which is depolymerized on heating with potash.^ 

On substituting acrylic acid by more than one phenyl group, 
exceptionally stable products are obtained .^some of which distil 
undecomposed in spite of their high melting points ; for ex- 
ample, 

j3-phenylcinnamif acid (C„ 115)2 C-- CH • COOH 


Having dealt with the above group of substances, in which 
the carboxyl group is directly attached to the unsaturated 
carbon atoms, we must now consider a further group in which 
it is attach(xi by ester formation, that is, by means of an 
oxygen atom. Such products arc represented by the so-called 
vinyl esters^ which are derived from vinyl alcohol, 

CHj CH. OH 

a desmotropic form of acetaldehj^de, which is not stable in 
the free state. These products, therefore, contain the excep- 
tionally sensitive grouping, 

CH2-CH . o . CO . R 


which is very similar to that of the acrylic acid esters, as in 
this case also the sensitiveness is due to the presence of the 
vinyl group. 

Polymerides of the vinyl esters have been recommended for 
the Inaiiufacture of plastic masses and artificial rtjsins under 
the name of Mowilith ” products.^ Polymerization is induced 

^ Kronstein, Bcr,, 35, 4152 (J902); compare Beilstein, IX, 582; on resin 
orniation in tlie casc^ of ally 1 -cinnamic acid esters, l>y \M‘,ry ]irolonged heating 
to very high ioinpe.ratnros, see C. Ellis, Synth. Jhmns, p. ,‘105; regarding the 
methyl ester, see. H. Stobbe, Ber., 58, 2S59 (1925), whore reference to further 
literature will Ix^ found. • 

2 On their production from acetylene and eariioxylic acids see Chem. 
Fabrik Griesheim-Elektron, German Pat. 271,381 (1912). 

^ Chem. Fabr. Griesheim-P^lektron, (merman Pats. 281, (>87-8 (1913); 290,544 
(1913); 291,299 (1915); British Pat. 15,1471 (1914); French Pat. 474,086 
(1914); Swiss Pat. 71,809; com])aro KunatsU, 5, 32 (1915); fi, 97, 136, 263 
•(1916); 11, 10, 419 (1921); 12, 161 (1922); regardi#ig the d( 5 gree of polymeriza- 
tion, see H. Staudinger, K. Frey, and W. Siarck, Bcr., 00, 1782 (1927). 
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by the action of light, by heating, and so forth, and is con- 
siderably accelerated by the addition of oxidizing agents, such 
as superoxides, ozonides and organic acid anhydrides in con- 
junction with materials which liberate oxygen, such as per- 
borates and percarbonates, and metallic oxides such as silver 
oxide.^ As raw majberials, the vinyl esters of acetic acid and 
of chloracetic acid are especially mentioned. The solvents used 
for the formation of varnishes are ethyl esters, ketones, nitro- 
hydrocarbons or aldehydes, to which other solvents, diluents, 
or gelatinizing agents may be added in the interests of economy, 
such as petroleum ether, benzene, chlorobenzene, and so forth. 
Latterly, however, products have been successfully obtained 
which are soluble in the most ordinary and cheapest varnish 
solvents, such as alcohol, benzene, and so forth.® If poly- 
merized vinyl acetate is saponified^ one obtains polyvinyl- 
alcohol.^ This substance, as also its derivatives, are converted 
by treatment with sulphur or suli)hur chloride, to which 
accelerators such as piperidine may be added, into masses 
resembling india-rubber. 

A moderate degree of polymerizing capa(‘ity is shown by 
allyl malonate, 


(Tb{r(K).CH2.ai - CKJa 

which thic^kens to form a balsam on heating for 24 hours to 
170° C., in a closed tubc."^ 


* Gorman Pat. 281, (>88 (191‘0; Kunstst.^ 5, 32 (1915); cornparo J7, 10 (1921). 

^ Soo Ccnisortiiiin f. elrktrorliom. Ind., Tlnlisli l*at. 2(»1,74N; (\ (1^927), 

I, 1892; Gorman I*al. 451, ()92, on tlio prodiiotjon of an iTKlianibl)or-liko mass 
upon heating poIyni(‘riz<'d vinyl alcohols or tlicir d('rivativ('s, such as 
ilioir esters, ethers, ac dals or homologiies, witli sulplmr or 8iilj)hur halides, 
such as sulphur-monochlorid(‘, to which various accelerators, such as i)yridine, 
may also Ik* added. 

® Soo (/onsortiiim f. oloktrocliom. Ind., Gorman Pat. 446,562 (1926); C. 
(1927), II, 1100; sec njso I. G. Farbenind, Gorman T*at. 449,115; British Pat. 
280,246 (Heating vinyl esters witli aliphatic aldohyiies). 

* On polymeric vinylacotato, s(k* 11. Staudiiigor, K. Froy, W. Starck, Bcr., 
60, 1782 (1927). 

® On ])olyvinyl alcohol, see also W. O. Herrmann and W. Haohnel, Ber., 60, 
1668 (1927). . 

® Consortium f. oloktrochom. Ind., British Pat. 261,748; C. (1927), I, 1892. 

^ Kronst>oin, U.S. Pat. 843,401 (1907); soo C. Ellis, Synthetic RcHns and^ 
their Plenties, p. 305. 
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InlSuence of the Carbonyl Group on the Ethylene Linkage. 

The combination of carbonyl with the ethylene linkage in an 
adjoining position leads to the grouping 

- CH-CH-C-O 


which is regarded by W. Herzog and J. KreidU as a rcsin- 
ophoric group. 

As is evident from what we have mentioned on page 63, 
the carbonyl grouj) itself must be consid(‘red as a complex 
capable of polymerization. It is, therefore, natural that the 
above-mentioned rcsinophoric combination should show special 
sensitiveness, as two centres of activity are ])resent which might 
be expected to reinforce each other. It is, however, found that 
in the first instance this increased reactivity is confined to the 
ethylene group; in other words, the carbonyl group plays a 
similar part with regard to the ethylene group to any other 
negative substitute, such as halogen or phenyl. But, just as 
the presence of several halogen atoms or* aryl gi'oups results 
in a reduced reactivity, so the addition of negative substitutes 
to the combination 

--CH -CH c - o 


results in no increased tendency to polyrneiize, but to a 
definite weakening. This fact is demonstrated by the follow- 
ing summary : — 

The simplest combination of ethylene and car bonyl is present 
in acrolein, 

CH 2 -CH . CHO 

which is a clear, highly refractory liquid of penetrating smell, 
with an intense action on the eyes and mupous membranes, 
boiling at 52-4° 

Acrolein has exceptional powers of polymerization, and 
is easily converted on standing into an amorphous white 

, 1 Angew., 35, 465, 641 (1922); 30, ,471 (1923). 

Seo Beilstein, 1, 726. 
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substance known as disacryl,^ which is insoluble in water, 
alcohol, acids, and alkalies.^ On heating acrolein with 2 to 4 
volumes of water to 100® C. for 8 days, a resin is formed which 
commences to melt at 60^ C. and evolves acrolein at 100° C.^ It 
is somewhat soluble in water and easily soluble in alcohol or 
ether, which may, ^perhaps, be due to a slight formation of 
hydroxy-compounds. Acrolein forms with alcoholic potash the 
potassium salt of hexacrolic acid (C 3 H 4 ())g, which is a yellow 
amorphous substance, insoluble in water, but easily soluble in 
alkalies, alcohol or ether.^ The influence of light and heat on 
the polymerization of acrolein was investigated by Moureu, 
Murat and Tampier.^ 

Small quantities of the carbonates or hydroxides of the 
alkalies accelerate very considerably the polymerization of 
acrolein when dissolved in water.^‘ The following further 
accelerators of tlie reaction are mentioned by C. Moureu and 
C. Dufraisse J quick-lime, lead hydroxide, ammonia, methyl- 
amine, aniline, ferric (ddoride and lead acetate. Free mineral 
acids are unsuitable. Products of varying solubility are pro- 
duced according to the duration of t he reaction. By prolonged 
reaction, McLeod and Nef obtained products insoluble in hot 
water, carbon disulphide, benzene, ether, })etroleum ether and 
glacial acetic acid, but soluble in warm 115 per cent alcohol, 
the alcoholic solution of which, wdien heated for a short time 
to 100® C., separated a substance completely insoluble in 
organic solvents which did not melt at 180° According to 
Moureu and Dufraisse, with a shorter reaction period a sub- 
stance is obtained wbich is in, soluble in water and in l^ydro- 
carbons, readily soluble in the cold in many organic solvents, 
such as alcohols, ketones and organic acids, and which may 

^ By tho addition of small amounts of phonols, tlio formation of disacryl 
can Iw prevented for a long j)erio<l; see Moureu, Dufraisse, German Pat. 
340.871 (1920); 12, 28 (1922). 

^ RedtJgnbaeher, A a a., JT, 141 (1843). 

* Geuther. Cartinoll, Ann., 112, 10 (1859). 

** Claus, Ann. SpL, 2, 120 (18(52-3); compare lieilniein, loc. cit. 727. 

6 Ann. chim., 15, 221 (1921); Compt. rend., 172, 1267 (1921). 

® Nof, Atm, 335, 220 (1904) ; I^eLeod, Am. Chem. J ., 37, 34 (1907) ; compare 
Beilatein, I, 726. 

’British Pat. 141,068 J192()); Kunatst., 10, 183 (19205; German Pa^ 
349,188; C. (1922), II, 880; French Pat. ; Kunatst., 12, 66 (1922). 
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be used for the production of varnishes. These various resins 
showing varying degrees of solubility, softened at about 80- 
120° C., and decomposed on further heating with the evolution 
of a strong odour of acrolein. Decomposition also occurs on 
heating with dilute acids and caustic alkalis, 
a-ethyl -acrolein , 

CIT 3 .CH 2 .C(CH()) ch., 

apparently also polymerizes very easily.^ Ootonic aldehyde, 
CHg.CH CH.CHO 

also shows a tendency to polymerize. On the other hand, 
tiglic aldehyde, 

('Ma.CH C(CH3).(^H() 

may be described as n on-polymerizable. In the case of other 
unsaturated aldeliydes, also, no polymerization phenomena 
have been observed. Even cinnamic aldehyde, 

OJIs.CH CH .CHO 

is but very slightly polymerizable.- 

Ketones corrcs})onding to acrolein and analogous aldehydes, 
siKih as vinyl-ketones, show reactivity ; thus, methylvinyl- 
ketone, 

(IH2 i ll . CO . CH3 

polymerizes easily,^ as do also ethyl vinyl-ketone'* propyl vinyl- 
ketone,® and similar (Himpounds.® Other aliphatic ketones, 
which do not show the above characteristic structure, 

CH2 ( H . VO or VH.^ OH . (U) 


* Coriij)are BeiUteiti. 1, 733. 

2 Comparti Stobbe, Zit r., 5H^ 2SGI (1925). On u.])i)art>ntly more roartivo 
furfuracroloii), 04 X 130 . Oil C’H . ("HO, seo W. Konig, Bir., 6S, 2504 (1925). 

^ Blaise, Mairf\ Compt. rvnd., 112. 217 (1900); Mams Bull. Soc. vhim., (4), 3, 
277, 278 (1908); coiripan; Beihtcin. 1, 728 

“* Blaise, Mairo, loc. cit . ; compare BeilsU'iu, I, 732. 

® Loc. cit. ; c'ompan* Bcilstciu, 1 , 734. 

® Farbenfabr. F. Bayer & CV)., (iorman Pat. 309,224 (1917); capacity of 
polymerization of tlu? so-callotl methyleiic-kctoncs, to form colourless, hard, 
elastic masses, fieo Kwnstut.. /(Z, 149 ( 1920). On the polymerization of ethoxy - 
methylencdiacetyl, CH 3 . CO .(’(). CH -CH . O . C 2 H,, see O. Diels, J. 
Petersen, Ber.. Ctfi. 3452 (1922). • 

8—(5647) 
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show no capacity for polymerization. This is true, for example, 
of vinylacetone, 

CHij-CH.CHj.OO.CHs 

ethylidene-acetone , 

CH 3 . CH -CH . CO . CH 3 

and mesityloxidc, 

(CH3)2C=CH.C0.CH3 

It should be noted that the trimethylene ring renders a car- 
bonyl group capable of polymerization, as is shown by the 
behaviour of mcthylcyclopropyl-ketone, 

I >CH.C0.CH3 

(>H3 

which readily polymerizes, particularly in the presence of 
acids. ^ 

Vinylphenylketone, 

C.Hs. CO. CH-CHg 

may be mentioned as an instance of an aromatic compound 
containing the abovc^-mentioned reactive atomic group. It is 
an oil which gradually changes in the light into a product of 
a horn-like character.- The product which is methylated in 
the methylene group, namely, 

0,H,.C().CH--CH.CH3 

shows no such behaviour.^ From these examples it is clear 
that the presence of tlie group, 

VlLi CH c- o 

induces a decided tendency to polymerization, so that even 
mild agencies effect tlie transformation of substances contained 
in this •group into irolymerides of high molecular weight and 
of an infusible character. It is also clear that when this group 

1 Perkin, Ber., 17, 1441 (1884iJ; Chem, Boc., 47, 836 (1885); see BeiUtein, 
VII. 8. 

* Schafer. Tollens, Bcr.,J9, 2187 (1906). 

® See BeiUtein, VII, 368. 
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is modified, the reactivity is very considerably reduced and 
may be practically absent. With regard to the compounds 
investigated by W. Herzog and J. Kreidl,^ from the resin- 
forming character of which a resinophoric character of the 
grouping 

— CH (JH C O 

1 

was deduced, it must be stated that those certainly cannot be 
counted amongvst specially reactive substances. The substances 
with which they experimented were almost entirely confined 
to aryl-olefine and diaryl-diolefine ketones of the general 
formulae, 

Ar . CH CH . CO CHg or Ar . CH CH . CO . CH CH . Ar 

which were obtained by condensation of aromatic aldehydes 
with acetone. In accordance with the behaviour of the phenyl- 
ethylenes, such as stilbene, 

C«H,.CH-(ai .C,H5 

none of these olefine ketones can be expected to form higher 
polymers than dirnerides in most cases. In agreeuKuit with this 
view, the transformation products which were obtained were 
all soluble and fusible. In many eases it is questionable whether 
polymerization occurred at all. This can be concluded from 
the circumstance, for example, that the resin from dibcnzyl- 
idene acetone formed a tetrabromidc of the monomeride by a 
smooth reaction.- This tetrabromidc could be obtained with- 
out difficulty in crystalline form, melting at 207- 208'' C. It is, 
of coufSe, possible that the bromine exercised a deep depoly- 
merizing effect, but even this would be merely a confirmation 
of the presence of loose complexes such as associations. 

The resinous character of the transformation products is, 
moreover, in no way surprising. Apart from the fact that the 
formation of isomers is to be expected, the possibility and con- 
siderable probability of a partial decomposition of these sub- 
stances, which are all very oxidizable, must be taken into 

1 Angew, 35, 465, 641 (1922); 30, 471 (1923); Chem, Ztg„ 49, 119 (1925); 
German Pat. .397,603; C'. (1924), IT, 1412. 

* Angew, 35, 466-7 (1922). 
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account. Although Herzog and Kreidl carried out the various 
polymerizations in a stream of carbon-dioxide, the periods of 
heating were very long, amounting to several hours. More- 
over, it is very difficult to exclude oxygen absolutely. In any 
case, considerable possibilities for the occurrence of by-reac- 
tions were present, and even if these occurred to a relatively 
small extent, they would be sufficient to nullify the crystallizing 
tendency of the polymerides whicli were formed, and thus to 
produce a resinoid condition and to stabilize it to a sufficient 
degree. 

These circumstances must be taken into account, as other- 
wise false conclusions might be drawn. The accumulation of 
groups whi(di are in themselves reac^tive in no way causes a 
corresponding incrc^ase of th(‘ capacity for polymerization, 
which may even become extremely small. ^ Sucdi an accumula- 
tion of reacting grou])s rtierely offers opportunity for the occur- 
rence of by-r(^a(d>ions, \vhi(*h may form the necjt'ssary quan- 
tity of impurity in the actual transformation product to confer 
on this the resinoid condition. It must also b(‘ remembered 
that the formation of the typical mixtun* is mainly due to the 
partial transformation of the raw material, and is, therefore, 
a mixture of monomerides and dimeiides. 

Regarding the individual behaviour of the })roducts investi- 
gated by W. Herzog and ♦!. Kreidl, it may be mentioned that 
according to H. Wieland,- benzalacetophenone, 

(^H . (H) . 

may b(‘ converted, by the intlucnce of dilute sulphuric*?icid in 
acetic anhydride solution, into a crystalline dimeride of melting 
point Moreover, the following products could be con- 

verted into resins ” by heating for several hours in an atmo- 
sphere of carbon-dioxide — 

Dihen zyl id e n e-aceto n e , 

C«]b . (’H CH . ro . CH CH . 

* For example, dilHmzylideiie acetone does not undergo Ok* slightest change 
by prolonged h»>ating in dekaline of Imiliiig point, 185-1 • 
‘2/^rr., 1147 (1904). 
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by heating for 8-9 hours to 180° C.; the resin was reddish 
brown, hard, elastic and not capable of distillation. It was 
readily soluble in ether, benzene and homologues, chloroform 
and similar compounds, tetrahydro-naphthalene, glacial acetic 
acid, acetone and ethyl acetate ; moderately soluble in oil of 
turpentine and fatty oils, and insoluble in alcohol and petro- 
leum ether. It melted between 85° and 95° C. 
DianisylideMe-acetone, 

CH3O . (;H4 . (^H -GH . ro . CH VH . r,.H, . OCHa 

was converted by heating for 6 hours to 220-225° C., into a 
reddish brown, brittle resin of apjuoxiinately the same solu- 
bility as the one just mentioru^d ; it softened at about 70° C., 
and was completely melted at about 100° 

Dipiper 071 yl id e.yi e-n ceto ne , 

ch.,()3 . . CU (UI . CO . (^H c\i . cji ,, . 0.,CYi., 

was converted into resin by heating for quite a short period 
to 260° C. The resin was dark reddish brown, brittle, and 
melted between 155° and 170°(J. Its other properties were 
similar to thovS(' of th(‘ above-described resins. 

Ben zylideti e-pipe ro n yl i d e w e-aceto n e , 

(;.H, . CH . ro . CH CM . C,,H^ . O^CM^ 

was convertcnl into resin by heating for 4-5 hours at 200° C. 
The resin was reddish brown, brittle and transparent, and 
melted at 70-80° C. 

Difdral-acetone , 

C4H3O . CM CH . CO . CH CH . OC4H3 

was converted by heating for 4-5 hours at 200-210° C. into a 
blackish brown, elastic, hard, lustrous resin, melting at 55-75° 
C., which w^as only very slightly soluble in etlier. 
Benzylidene-acetone, 

CsHg. CH-CH, cot. CHj 

f^'as converted into resin by heating fcH* about 12 hours to 
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230-240° C. The resin was reddish brown, moderately hard, 
melted at 60-65° C., and showed the same solubility. 

A nisylidene-acetoney 

CH3O . C«H4 . CH CH . CO . CHj 

was converted by* heating for 4 hours at 220-225° C., into a 
reddish yellow, hard, elastic, transparent resin, easily soluble 
in benzene hydrocarbons and in chlorinatiid methane hydro- 
carbons, acetone and ethyl acetate, moderately soluble in tetra- 
line, only slightly soluble in oil of turpentine, ether and 
alcohol, and insoluble in petroleum ether. 

V anillal-acetone . 


HO . CHgO . (^«H3 . (^H - CH . CO . CH3 

is converted, by heating for about 2 hours to about 230° C., 
into a reddish brown, hard, elastic rc^sin which melts at 60- 
80° C., and is easily soluble in chlorinated hydrocarbons such 
as chloroform, in acetone, and also in dilute alkali. 

1-4 di- {y-lceio-a-buienyl) -henzetif^, 

CHg.C^O.CH (Ul.CJT^.CUf VU . COCU 

is converted by heating for about 1 hour to 210° C., into a 
reddish br(>wn, hard, elastic, transparent resin, which melts 
approximately between 120° and 133° 0.. and is (visily soluble 
in chlorinated rnetliane hydrocarbons, only slightly soluble in 
benzene and homologues, acetone, tetraline, glacial acetic acid 
and fatty oils, and insoluble in alcohol, petroleum eth,cir and 
oil of turpentine. 

Benzylidene-a-tefralone, 



is converted by heating for 20 hours to 270-280° C., into a 
dark, hard, elastic resin of melting point 75-90° tJ. 
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The so-called ketene group, 

>c~c-o 

is also of special interest. It may be considered as an unsym 
metrically substituted methylene linkage. The simplest com- 
plex of this kind is represented by so-called ketene, 

of which there are numerous derivatives. 

Theoretically, the replacement of two atoms of hydrogen of 
the ethylene linkage by the electro-negative oxygen atom 
might be expected to induce a relatively moderate tendency 
to polymerization, analogous to the behaviour, for example, 
of diphenylethylene, 


but actually the ketenes, almost all of them show a particu- 
larly strong tendency to conversion into dimeric products 1*3- 
diketo-cyclobutanes), and to some extent into trimerides and 
higher polymerides.^ Although the oxygen saturates two 
valencies of the carbon atom, it thus acts in the manner which 
one associates with the addition of a monovalent negative 
substituent in the ethylene linkage. Tt is inteu’esting to note 
that similar relations occur in the case of diphenylethylene 
(see page 95), although in this case two new linkages are 
undoubtedly saturated. 

Although ketenes are of no importance as raw materials for 
artifigial resins, they are of great interest in so far as they 
illustrate particularly well the influence of substitution on the 
capacity for polymerization. From this standpoint, the follow- 
ing summary by H. Staudinger is of special interest. Thus, 
the following groups polymerize as follows — 

H 2 ~C — CO Very easily In the cold. 

C = CO Vory eaaUy. 

^ See Chcmic in EinzcldarstcMungen, published by J. Schmidt, "Vol. I, 
H. Staudinger, Ketene^ Stuttgart (1912), pp. ^8 et seq. 
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--CO 

Very easily. 

CjH, . OOC. p 

CO 

Vory oasilj^. 

OH, 

CO 

Basil y. 

oA,c 

O^H,' 

- CO 

Slowly. 

OH, ,, 
0„H,-'' 

(’() 

Slowly. 

0„H, 

0„1K 

(U) 

V(‘ry slowly. 


Rcplacomont )>v lialogens increases the tendency to poly- 
merize very considerably. Thus, for example, ethylchlor- 
ketene^ is very reactive even at - 80 ^ C. 

(X)NJIIGATKI) (CARBON DOUBLE LINKAGES 

Hydrocarbons. If substances contain several carbon double 
linkages, a very high capacity for polymerization, together 
with increased nNictivity in other directions, is only noticed 
if so-call(Hl conjugated linkages occur as in the following char- 
ackuistic group - 

(H lai CH vv\ 

The second double linkage, occurring in conjunction with the 
first, therefore^ acts as a negative substituent, such as lialogen, 
phenyl, carboxyl, and so forth. The reactivity is. therefore, 
similarly dependent on the character of the substituent. It 
must be admitted that its effect is in some cases muclr less 
marked than in others. Therefore, the resin ophoric effect is 
not of very definite character. 

The simplest members of this group, such as, 

Butadiene. CH— CH 

. ISOPUENE.' CH 2 0{CH3) . CH CH., 

Dimethylbuta DIENE. CH3“^C(CH3) . C(CH3)--CH3 

and so forth, are characterized by very great capacity for 
polymerization. When this occurs the resinoid condition is 
^ See J, houben-Mcerwein, Vol. 2, p. 619. 
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easily overstepped, and rubber-like substances are obtained,* 
of which the so-called “ heat-rubber,” acetic acid rubber,” 
and “ sodium rubber ” (so-called after the polymerizing agents 
used) attained considerable importance for a time. Recent 
work by J. R. Katz^ has shown that essential differences exist 
in the colloidal character of the artificial rubbers so obtained, 
on the one hand, and that of the natural })roducts on the other, 
so that one is not justified in speaking of a complete synthesis 
of rubber. Regarding the capacity for polymerization of the 
raw materials used, and in order to thus obtain a comparison 
of the activity of the compounds further to be described, it 
may be mentioned that, according to G('rman patent 235,423, 
it is necessary for the conversion of butadiene or its solution in 
benzene into rubber, to heat it in an autoclave for 10 hours to 
150° C. At 100° C. the reaction reqinres 4 days. Transforma- 
tion occurs in part instantaneously when usirig certain catalysts, 
even at the ordinary temperature. By using other suitable 
catalysts, resinous poly me rides were obtained. 

Thus, butadiene and its homologues^ were converted in 
a very short time by boron halides into products which were 
soluble in benzene, chloroform and ether, insoluble in alcohol, 
and had the characteristics of artificial resins.'* The products 

^ See Harriert, Ann., 3S3, 157 (1911); W. H. Perkin, J. Soc. Chnn. Jnd., 31, 
616 (1912); KnnstsL, 2, 504 (1912); (5(‘rnmii Pats. 255,425 (1909), 236,686 
(1909); British Pat. 24,790 (1910): s('p also Siimniary of I’aU'iit Position in 
KunMtit., /, 47, 69 (1914); 5, 125, 157 (1915). Also C. J). Harries, KmitMvhuk, 
Berlin (1919); see also H. Pnminorer, Atnfcw., tO, 1168 (1927). 

= Kolhidchcm. Beth., 23, 544 (1926). 

^ Mixtures ofetliylem* hydrocarbons, siichas triinethyhdhylone, witli hydro- 
carbons containing less liydrogen (with at least two double linkages), such as 
isoprcAtf^, also form soluble products with catalysis of thcj type MCls, which are 
recommended as suVistitutes for natural rc'sins, such as mastic and shellac. 
See Chem. Fabrik aiif Act ion (vorni E. Sclu^ring), German Pat. 278,486 (1913); 
Kunstst, 4, 358 (1914). 

^German Pat. 204,925 (1912); see KtinsM,., 3, 414 (1913). It should be 
noted that resinous materials can also Ix^ obtained from rubber. Thus, jilastic 
resinous masses are obtained from natural rubber on treatment, for example, 
with trichloracetic acid (U.S. Pat. 1,042,018), and also^with suitable haloids 
or halogenides (Fromrh Pat. 01.5,195, British Pat. 285,071), to whigh phenols 
may also be added (British Pat. 282,778). Varnish resins, so-called “ Thor- 
moprones,” are obtained from rublx*r by the action of aromatic sulphonic 
acids or their chlorides ; see H. L. Fisher, I ml. Emf. Chetn., 10, 1325, 1328; 
C. (1928), I, 1464; H. Gray, Ind. Etvg. Ch(m., 20, 150 (1928); Chem. Trade 
Journ., 82, 232 (1928); see also Gurnmi-Ztg., 42, 857, 911 (1928); Farben-Ztg., 
*33, 1474 (1927-;26); Farbc und Lack (1928), 6*2, yiO; see also Goodrich Co., 
U.S. Pat. 1,668,235-7; G. (1928), II, 192. 
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were syrupy, viscous, soft, plastic, crumbly or brittle accord- 
ing to the applied temperature and the proportions of the 
ingredients. The colour varies from almost colourless to a deep 
brown. These products in no way resemble rubber, and their 
use is proposed as resin or shellac substitutes. 

With increasing substitution of butadiene by alkyl or aryl 
groups, the rubber-like character of the polymerides is weak- 
ened, and resin formation becomes more marked. This behav- 
iour may be explained by steric hindrance to polymerization 
and to influences of a physical and chemical character, which 
naturally affect the derivatives of high molecular weight with 
regard to viscosity, hardness and solubility. Thus, for ex- 
ample, 2* 3-diethyl-butadiene and 1 -phenyl-butadiene form 
resinous or tarry products on heating in a sealed tube under 
ordinary conditions.^ 

1 phenylbutadiene, 


C.n^.CH -CH . (!H CHjj 

is a strongly refractive liquid with an odour of styrol. of boiling 
point 95"^ C. at 20 rnm. pressure, which polymerizes on dis- 
tillation under atmospheric pressure into products of high boil- 
ing point and which resin ifies in the air by polymerization 
with reduction of density.- If jihenylbutadiene is heated to 
150-155^ C. in the presence of hydrogen,^ or boiled with pyri- 
dine,^ bis-phenylbutadiene is formed. 
\-phemjlA-meihy]hutadie7ie, 

CJlj.CH CH.Cll CH.C'Hg 

polymerizes on standing to form a viscous liquid which is not 
soluble in ether to a clear liquid.^ Similar results arc obtained 
with other homologues.® 

1 See K^inatst., 4, 324 (1914). 

* Klages, Bcr., 35, 2050 (1902); 40, 1709 (1907); Liobermann, Hiil)or, Ber 
36, 2697 (1902). 

® Riibor, Ber., 37, 2274 (1904) ; see also Liobermann, Riibe‘r, lor. cit. 

* V. d. Heide, Ber., 37, 2103 (J904). 

Klages. Ber., 40, 1769 (1907), 

« See Grignard, C. (1901J, 11, 625; Ann. chhn., (7), 24, 486; Beihtein, V, 
62l,etaeq. 
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In contrast to the above-mentioned substitution products of 
butadiene, symmetrica] diphenylbutadieney 


C«H5 . CH - oh . CH-CH . 

shows much less tendency to polymerization, which is explicable 
as it may occur in three stereo-isomeric fojms, by which means 
considerable possibilities for the saturation of residual valencies 
within the molecule appear to occur. By prolonged heating 
for 10 hours at the very high temperature of 340"^ C. in a cur- 
rent of carbon-dioxide, a black, lustrous, hard and elastic 
resin, melting between 60° and 80° C., and soluble in benzene, 
chloroform, and so forth, could be obtained.^ It is, however, 
difficult to assume that polymerization only is induced by 
treatment of such an energetic character. 

Even when conjugated double bonds occur in cyclic com- 
pounds, they are associated with considerable power of poly- 
merization. As examples, we may mention the behaviour of 
such compounds as cyclopentadienc, cyclohexadiene, and so 
forth. The main influence of the cyclic character of these 
compounds on the properties of the pulymerides is probably 
shown by the production of products of a resinoid, rather than 
of a rubber-like, character, that is, of amorphous pulverizable 
products. 

CH (m 

II r 

CvCIiOrKNTA DIENE, GgH^, CH CH 

X/' 

CHa 

polyVnerizes at the ordinary temperature to dicyclopentadiene, 
a crystalline substance easily soluble in alcohol, ether, and 

1 W. Herzog, J. Kreidl, Angew., .36*, 473 (1923). 

2 Tliis is tlio case even if they arc only partially within the ring, as in the 
following compound - 

CH 

HgC |'^|0~~C- CHa 

H^C l^HaCHa 

CHa 

(see Harries, Aruf(iw.<, 36, 473 (1923); German Pat. 235,686). 
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ligroin, of melting point 32-9° C.’ On heating in a sealed tube 
to 160° C., a yellow, amorphous, insoluble polymeride is pro- 
duced which can be depolymerized to cyclopentadiene by heat- 
ing.* Concentrated sidphuric acid and fuming nitric acid act 
on cyclopentadiene with explosive violence with charring or 
combustion.* The ^imeride is also attacked explosively by 
concentrated sulphuric acid. It is resinified by dilute acid.* 
Detailed investigations have Ixien carried out by H. iStaud- 
inger and his pupils, A. Eheiner and H. A. Bruson.® These 
showed that a deoji-seatcd difference c!xi.sts between tho.se 
polymerkh's which are obtained by heating, and those obtained 
at low tern|>eratures under the infliuaice of certain catalysts. 
According to the first-nanual processc^s, polymerides of uniform 
character could easily be obtained, those of higher molecular 
weight being obtained with longer and more intensivt' heating. 
A separation could be effected by distilling off tlu^ dimeride 
and trimeride in a high vacuum at tem])ej-atures up to 100° 0.. 
and separating these products by further distillation at 10 mm. 
pressure. From tlu^ residing the tetrameridc* was extracted with 
ether, and th(> iKuita tnerid<^ with boiling hen/.ene and xylene. 
The insoluble polycyclojK-ntadiene remained as a residue. The 
following summary desciibes the formation and characteris- 
tics of the various polymerides - 
Dicyclopentadicaie. .see above. 

Tri(fyclopenta(liene is obtained by heating for 14 hours to 
150-160° C.. b . p (3 mm.) 10.5° C. ; easily soluble in other and 

petroleum ether, slightly soluble in alcohol and methyl alcohol 

very slightly soluble in glacial acetic acid; small ncedh^; it 
distils, paitially undecomposed, at the ordinary pressure. 

Tetracyclojientadiene is obtained, together with the penta- 
mcride, by heating for 22 hours to 170-180° C. Ft is obtained 
from ethyl acetate in micro-crystalline form. It is easily soluble 
in cold ether, benjene, and chloroform, and in hot petroleum 

* Cnmpt. mid., 112. 94.'> (1891); Krat-iiKT. Stiilker. Her.. 
29, 554, 557 (189()); company Beilsteiny V, 495. 

2 Kronatoin, Bcr.. 35, 4151 (1902). 

® Kraemor, Spilker, loc. cU. ^ 

* Boes, C. (1902), II, 32; compare Beilftleiti, V, 496. 

* Hclv, Chim. Acta^ 7, 23 ; C. (1924), I, 1 780 ; A tin , 447, 97, 1 10 : C. ( 1926) 1 

3465, 3466. . v m 
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ether or ethyl acetate. It is insoluble in alcohol and ethyl 
alcohol. 

Pentacyclopentadiene is formed in the same manner as the 
tetrameride. It is obtained from benzene as a white powder 
of melting point 270° 0. It is very slightly soluble in the cold, 
and soluble in the heat in benzene, toluene, xylene, chloro- 
form, carbon disulphide, pyridine and nitro-benzene, and is 
insoluble in alcohol, methyl alcohol, ether and petroleum 
ether. It can be sublimed without decomposition under a high 
vacuum. 

Polyeyclopentadiene is probably a six-fold or seven-fold 
polymer. It is obtained by luxating for 90 hours to 200° C. 
When free from low'er polymers, the product forms an insoluble, 
white or slightly grey jiowTler, which melts at about 373° C. 
with decomposition. It is very slowly attacked by concen- 
trated boiling nitric acid, does not react with bromine, and 
forms cyclopentadiene on heating to 500° C. 

It is interesting to note that according to the X-ray in- 
vestigation of E. Ott, the insoluble polymer is also crystalline, 
and shows the same X-ray diagram as tlie tetrameride and 
pentameride. 

A polymeride which is entirely different from the above- 
described products is obtained by the action of certain cata- 
lysts, such as 

SbCU, JKI3, oto. 

On the other hand, definitely acid chlorides, such as 

and acetyl chloride are inactive.^ Thus, on treating cyclo- 
pentadiene in chloroform solution at - 5° to - 10° C. with a 
little SnCl 4 , a polymeride is obtained in a few minutes, which 
after purification and drying forms a w hite amorphous powder 
of molecular weight, l,300-(>,700. It is soluble in benzene, 
chloroform, carbon tetrachloride and carbon disulphide to a 
slightly viscous liquid, and is also slightly soluble in alcohol, 
ether and acetone. This polymeride also absorbs oxygen from 

^ The active catalysts also polymerize indcrie, cumaronc, styrol, isoprene 
and Chinese wgod oil, but do not polyinerizt^ acrylic and c*innamic esters and 
vinyl bromide. 
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the air with extreme ease with formation of an oxide (C 5 HeO)x, 
which is an insoluble amorphous powder of deep yellow, orange 
yellow, or brownisli colour, which becomes dark in colour on 
heating to over 160° C., and decomposes at over 300° C. Re- 
garding the constitution of these polymerides, see footnote 1 
page 63. « 

Similar polymerizing power is shown by the cyclic homologues 
of cyclopentad ienc^ and by the corresponding alkylated pro- 
ducts.^ The reactivity of cyclohexadiene, for example, is, 
however, considerably less than that of the open-chain buta- 
dienes, and is not even as marked as that of cyclopentadiene. 

Thus, according to F. Hofmann and P. Darnm® on heating 
cyclohexadiene for 10 hours to 200 220° C., in a sealed tube, 
polymerides are formed containing 55 to 65 per cent of the 
dimeride, and only 30 to 40 per cent of higher i)olymerides. 
The dimeride has the characteristics of terpenes. The more 
highly polymerized product is a white, odourless powder which 
sinters at about 75° C,, becomes vitreous at about 90° C., and 
forms opaque droplets at about 105° C. When fresh it is easily 
soluble in benzene and chloroform, insoluble in alcohol, acetone 
and glacial acetic acid, and very oxidizable in the air. The 
product can be separat(‘(l into constituents varying in solu- 
bility. A polymeride of somewhat different properties can be 
obtained by the action of ferric chloi ide as a catalyst without 
external heating. Additions of sodium or of sodium and car- 
bon dioxide have no effect. 

For the production of resinous })roducts of very valuable 
properties, the follow ing process has been recommended.^ A^on- 
densing agents, such as sulphuric acid or alkali metals, are 
caused to act under the influence of heat in a suitable man- 
ner (dilution, small quantities, successive additions, and so 

* On cycIohexaUieiio, Harries, Her.^ 42^ 69,'} (1909); on cyelohoptadiene, 
see Willstattor, Ain\,, ^17y 231 (1901); on tho polymerizing capacity of the 
cyclo-octadicno (1*5), containing no conjugated double linkage, see Willstatter, 
Veragiith, Bor., 1979 (1905); Harries, Ber,, 41, 672 (1907). 

* On alkylated cycJoliexadienes, see Harries, Ber.y 34,303 (1901); Auwors, 
Hessenland, Ber., 41, 1824 (1908). 

® Mitt. au8 dvm Schlesinchm Hohlenforsvhungsinstitat d, Kaiser Wilhelm- 
Oes.y 2y 97 (1926); C. (1926), I, 2342, etc. 

< Gorman Pat. 263,159 (1912); see Kuustst.y 3, 373 (1913); C. (1913), ‘ 
II, 1091. 
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forth) on dihydiobenzene, its homologues, the derivatives and 
cycloisomerides of these substances or of products which are 
convertible into such substances, such as dichlor-cyclohexane. 
The products are solid, transparent, vitreous masses, easily 
soluble in benzene, oil of turpentine, and so forth, which form 
strongly adherent varnishes. » 

To the hydrocarbons here dealt with, containing conjugated 
double linkages, a whole series of compounds must be added, 
the constitution of which is to some extent still unknown, but 
of which it is known that they form resinous or pitch-like 
products under the above-described conditions. To this class 
belong, for example, certain constituents of cracked mineral 
oils, which frequently undergo resin-forming polymerization,^ 
in which, however, oxidation processes seem to play a part.^ 
Moreover, the formation of acid resins and acid tars in 
general appears to depend essentially on the presence of such 
unsaturated hydrocarbons. Finally, we must refer to a group 
of compounds produced by chlorination followed by fission 
of hydrochloric acid, by which means highly unsaturated 
hydrocarbons are formed, which are convertible into resins 
by polymerization.*'^ 

Carboxylic Acids and Esters. The presence of a carboxyl 
group adjoining the conjugated double linkage has a much 
slighter effect than in the case of the ethylene linkage. Thus, 
even in the case of the simplest representative of this group, 
jS-vinyl-acryclic acid, 

CHa CH . (*H CH . COOH 

scarcely any increase in reactivity can be observed, the condi- 
tions for polymerization being somewhat similar to those for 
butadiene. 

^ See Ellis, Wells, J, hid. Eng. Chem., 7, 1029 (1916); Brooks, Chem. Met. 
Eng. (1921), 1024; Brooks, Hmnplm^y, J. Am. Chem. Soc. (1918), 852; U.S. 
Pat. 1,318,060; 1,318,061 (1919); see C. Ellis, Eynth. Jiesintt, p. 66 et »eq. ; 
British Pat. 138,046 (1919); Kunstst., JO, 158 (1920); U.S. Pat. 1,324,649 
(1919). 

* See Smith, Cooke, C. Ellis, Synth. Hesina, p. 66. 

* See German Pat. 263,159; German Pat. 343,466 (1915); American Pats. 
B384,423, 1,384,447; C. (1921), IV, 1250. The American Patents deal with 
the manufacture of drying oils (Bielouss, Gardner). 
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p-vinyl acrycMc acid polymerizes slowly on standing, and 
rapidly on heating to 130® C.. to an amorphous, adhesive product, 
which dries to tough crusts in th(^ air, becomes brown at 140° C., 
decomposes at 300° C., and is scarcely soluble in boiling sodium 
hydroxide or sodium carbonate solutions^ The reactivity of 
the esters seems t(f be greater, as may be deduced from their 
employment as linseed oil substitutes.- 
Its homologu(‘, ^orhinic acid, 

is caymble of polymerization in the form of its esters ; thus, the 
ethyl ester is converted on standing into a viscous oil.^ In 
the utilization of sorbinic acid ester as a drying oil"* it is 
probable that tlu^ cjapacity for polymerization plays a certain 
part, although oxidation processes possibly assist. a-Methyl- 
and a-ethyl-sorbinic acids are (^onvert(‘d into adh(‘siv(' masses on 
standing in a desiccator.*'* 

Cinn a in a l-a cel i r a c i d , 

('fiHft. (*H (*H . (*H V\\ . ('OOH 

occurs in a lovv-inelting aiul a high-melting form, and shows 
no marked tendency to polymerization. The ethyl ester, how’- 
ever, forms an oil which cannot be distilled, a fact which may 
be due to polymerizing tendencies. 

Cyclohe xadiene-carhox iflic acid:^ an‘ dta^omposed on heating, 
with liberation of (‘arbon dioxide*, which is followed by further 
reactions. However, the methyl est(*r, foi* example, of 1*4- 
dimcthyl-eyclohexadi(‘nc-l-3-carboxy lie acid (2). is an oil*which 
gradually b(*comes mon* viscous.’ 

Muconic acid, 

[K)()C.(MI (*H .CU OH .OOOH 


‘ DoUnor, firr., .'iJ, 1137 (10(12); cornpan* Brihtcin, 11, 481. 

(Tcrinaii J*at., 3Sl),0S(i. 

VorlamltT, WcisslK*iiii<M*. Sponuaj^el. Ann., 34/), 228 (190()). 

* Cormaii l*at. .380,08(1 (I022);(^'. (1024), I. 1717; KnnsM., 14, 2(5, 72 (1924). 
® See HeilMvin IT, 480, 480. 

* See Beilstein, IX, 030.^ 

7 Auwers, Ber., 41, 1831 (1908). 
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is not capable of polymerization, and therefore resembles to 
a certain degree diphenyl-butadiene, of corresponding constitu- 
tion. On the other hand, on heating its esters for 5 hours to 
180° C. in a sealed tube, dimerides are formed, together with 
black, pitch-like masses which are easily soluble in alcohol, 
acetone and ethyl acetate, but are insoluble ui benzene, ligroin, 
carbon disulphide and chloroform.^ 

Aldehydes and Ketones. Among substances containing a car- 
bonyl group in a position adjoining the conjugated double 
linkage, those of aldehydic character arc but little known. ^ 
On the other hand, numerous ketones exist containing the 
characteristic group 

—OH --CH . CYt- CH . ( () - 
Such substances as sorbinic acid-methyl ketone, 

CHg . c\{ CH . CH - (^H . CO . CHg 

its homologues, and so forth, resinify in the air and on exj)osure 
to light, although it is not knoun to what extent this is due 
to polymerization processes.^ The possibility of such reactions 
was shown by the investigations of W. Herzog and J. Kreidl^ 
on arylated ketones. 

Thus, resins were obtained, which must be considered as 
products of polymerization, on heating cinnamylidene-acetone, 


for 6 hours to 220° C. in a stream of carbon dioxide, on heating 
cinnamylidene-acetophenone^ 

CeHjj . CH CH . CH-- CH . CO CeH^ 


^ Kurt Vogt, Mitt. auH dem ScJdeMschen KohUmforttchunqalnutitut d. Kaiser 
Wilhelm-Qes., 2, 69 (I9L>5) ; ([. (1926), I, 2;i41. 

* Compare, however, the vinylene homologues of furol (W. Konig, Her., 68, 
2669 (1915), and cinnamic aldehycle (Vorlandcr, Fiscli^r, Kunze, Ber., 68, 
1284 (1925), which show a strong tendency to rosinifii^ation, possibly due to 
polymerization and condensation. 

® See Beilstein, I, 750, ct seq. 

* Angew, 35, 465, 641 (1923) ; (iemian Pat. .397,603 ; Kunstst., 14, 165 (1924) ; 
C. (1924), II, 1412. 

® On the action of light on nitro -derivatives, see M. Giua, C. (1926), I, 639 
(flesiniflcation). • * 

9— ( 5647 ) 
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for 2 hours to 190 -200° C., and on heating cinnamylidene-a- 
tetralone, 


CO 





CHa 


C- CH . CH -CH . CeHj 


CH2 


for a few minutes to about 230° C. An exceptionally strong 
power of polymcn'ization on heating is also shown by such 
compounds as dicinnamylidene-acetone, 

. CH CH . CH (^H . CO . CH CH . CH - CH . CeH^ 

piperonylidene - cinnainylidtme - acetone and fural - cinnamyl- 
idene-acetone, which arc polymerized with a strongly exother- 
mic reaction at 180° (\. 210° and 190 200° C. respectively, 
forming soluble resins melting at the fairly high temperature 
of about 130° (;. It was further found that heating for quite 
a short period to 220° C. in a stream of (*arbon dioxide sufficed 
to convert compounds, such as benzylidcne-cinnamyJidene- 
aeetorus 

CftHj.CH (^H.(M).CH (ni.CH 
or anisylidciK'-cannamylidene-acetone. 

(^HaO. CV,H4. (ai (’H.(<).(^H CH . (;H CH . C^Hs 

into resinous polynierides of high melting ])(>int. 

In a similar manner, three or more conjugated double 
linkages, ^ 

-CU CH (’H CH .(’H CH 


are associated with a very high reactivity. 

Thus, hexatriene, 

C^H., CH.CH (TI.CH-CHj 

polymerizes partially on standing ; with concentrated sulphuric 
acid it immediately forms a solid polymer.^ 


^ Perkin, J. Chern. Soc.^ VI, 814 (1907); compare BeiUttin, I, 263. 
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The corresponding products, such as vinylene homologues 
of cinnamic aldehydes^ and furoles,- tend to form resins on 
standing or distilling. A similar activity is also shown by wood 
oil (tung oil) or elaeostaric acid, as is more particularly shown 
in the rapid production of stand oil from the former material.^ 
The entry of negative substituents into tfebly or more highly 
conjugated double compounds removes the capacity for poly- 
merization, as is shown by the behaviour of the diphenyl- 
polyenes.^ 

Substances with other Unsaturated Linkages. Apart from 
carbon double linkages, the carbonyl group, 

>c o 


and the azomethine group, 


N-c< 

play the most important part as unsaturated groups which 
give rise to polymerization, whilst the nitrile groups need not 
be considered here. 

Carbonyl Group.^' The carbonyl group is a typical con- 
stituent of aldehydes, ketones and carboxylic acids. With 
regard to the aldehydes, their simplest representative, form- 
aldehyde, CHoC), is characterized by the capacity of entering 


1 Vorlaminr, E. K. Kunze, Ber., 1284 (1925). 

W. Konig, Bcr., 5S, 2559 (1925). 

Thus, wood oil is converted at 285° C., witliin about 10 minutes into a 
jelly whicli can be cut (test for wood oil). It is to be noted that wood oil can 
be polj^ncnzed by iodine, and iiuin? particularly by tin tetrachloride and 
substances of similar character; siui J. Marcusson, Attgew., 234 (1920); 
H. Staudinger and H. A. Hruson, Ann., 447, 97, 110 (1920). On quantitative 
wood oil polymerization, see Boughton, Seifensieder-Ztg. (1909), 1031; J. 
Marcusson, Amfew., ‘i9, 478 (1926); .1. Scheiber, Farbe und Lack (1928), 274, 
286. 

R. Kuhn, A. Winterslcin, Heir. chhn. Acta, 11, 87 (1928); C. (1928), I, 
1401. 

^ On the spontaneous rosin ification of cyanacjetyl chloride, seo O. Schroeter, 
Angew., 40, 1369 (1927). On polymeric malonitriles, see R. Schenck, H. 
Finken, Ann., 402, 267 (1928). 

® In carbon monoxide the carbonyl grouji appears, so to say, in the free 
state, according to the usual structural foritiulae. Actually, however, the 
carbonyl group, as it occurs in compounds of the type of aldehydes, ketones, 
tfkid possibly of carboxylic acids, should not bo coftsidered as identical with 
carbon monoxide. See, liowever, H. Scheibler, Angew. (1^27), 1072. 
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into very varying polymerization procewses, as polymers vary- 
ing in character can be obtained according to the nature of 
the exciting agent. Regarding their probable constitution, see 
page 65. Acetaldehyde, CH 3 . CHO, readily forms a dimeride 
with marked power of association (mctaldohyde). A trimeride 
can also be obtained, which is known as paraldehyde. In the 
case of the higher aldehydes, the capacity for forming the 
higher polymeric forms rapidly (hicreascs. It is possible to pre- 
pare trimerides of th('. same type as paraldehyde, which are 
produced like that substance under the influence of catalysts, 
such as sulphuric acid, hydrochloric acid, sulphur dioxide, 
calcium chloride, zinc chloride, and so forth. Such derivatives 
are known from propionic aldehyde, the various Imtyric alde- 
hydes, trimethyl-aeetaldehyde, iso valer aldehyde, oenanth alde- 
hyde, phenyl-acetaldehyde,^ and so forth. All these substances 
are liquids or well crystallizing products of low melting point. 
Halogenated aldehydes, such as chlor-acetaldehyde, dichlor- 
acetaldehyde, /l-cdilorpropionic-aldehyde, and so forth, also 
readily form j)arald(diydes ; in some (uises, indeed, apparently 
spontaneously, in consequence of the liberation of minute quan- 
tities of halogen hydrides. 

Be?izaldekpdr was convtTted into a resinous polymeride by 
prolonged ex})osm‘e to light throughout tlie whole of one sum- 
mer. After purifleation, this jxdymeride melted at 125-130° C., 
and showed a molecular weight corresponding to (C 7 H 0 O )9 in 
benzene solution. - 

DialdehydfH and aldoh show a strong tendency to form poly- 
mers. Dialdehydes, such as glyoxal, succinic aldehyde, «dipic- 
dialdehyde, suberic dialdehyde, and so forth, frequently form 
polymers of high molecular weight. Thus, suberic dialdehyde, 

one . (OH*), . CHO 

forms rubber-like masses on standing which gradually become 
very liard. The product is reconverted into the rnonomole- 
cular aldehyde on distillation, or on boiling with dilute sulphuric 

^ Rf^gartiing volocitifi.s of polylUorization, see C. J. Eiiklaar, Chem. Weekblctd, 
23, 174 (1926); C\ (1926), JJ. 192. 

® Ciarnician, Silber, Bert 36, 1675 (1903); see also Ber., 42,«13B7 (1909); . 
regarding various other aldehydes, see Ber., 34, 1538 (1901). 
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acid.^ 0-phthallic aldehyde is converted rapidly on exposure 
to light into a white, crumbly mixture of various compounds.^ 
Acet>aldol, 

CH3.CH(0H).CH2.CH() 


becomes viscous on standing in the warmtj^, being polymerized 
to paraldol, 

(C4Hg02)2 


This behaviour is a quite general characteristic of aklols.*^ 

The ketones do not usually show any tendency to polymeriza- 
tion. Exceptions are formed by methyl -cyclopropyl ketone 
(see page lOfi) and diacetyl (sec below), which occur in 
polymeric forms. ^ The formation of diacetorie-alcohol from 
acetone under the influence of alkali must also be mentioned. 

An incrcas(Kl capaxdty for polymerization is found in the 
case of those ketones and aldehydes which may also occur in 
enolic forms. ^ In these cases, however, the cause of the forma- 
tion of })olymers is primarily due to the ethylenic linkage which 
is then fornu'd. It is probable that phenomena of this kind 
play a part in the ])rocess of drying fatty oils.® Among the 
simpler compounds the following must be classified in this 
group: Methylglyoxal, 

CO . CHO 


which forms a vitreous, very hygroscopic polymeride, 




diace tyl, 


CHg . CO . CO . CH, 


which polymerizes partially to the trimolecular crystalline 


^ Baeyor. Her., 30, 1963 (1S97). 

Thiole, (airitlK^r, Amt., 347, 107 (1906). 

» L. Kohn, Monatsh., 21, 80 (1900). 

4 Diels, Jost, Bcr„ 35, 3290 (1902). 

6 See Ber., 59, 108 (1926). 

« See J. Scheiber, Farbe umJ hack (1926), '295; (1927), 75; Angew,, 40, 1279 
, (1927). 

’ Harries, Thrk, Ber., 38, 1632 (1906). 
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diacetyl by the prolonged action of ice-cold concentrated hydro- 
chloric acid isocaproyl -acetaldehyde, 


(CH3)2(m2 . CH 2 . CH 2 . CO . CHg . CHO 

which polynierizcH very easily l-3-dirnethyl-cyc)ohexene (3)- 
on (5), and 1 methf^ethyl-cyclohexene (2)-on (4), which both 
form crystalline dimerides.^ 

In the cas(? of the carboxylic acids, polymerization is shown 
in the tendency of acetic acid to occur in dimolecular form. 
In the case of chloracetic acid, the formation of three or fonr 
modifications may also bo considered as an indication of a 
certain capacity for j)()lymerization. The conjunction of two 
carboxyl groups as in oxalic acid also seems to cause a certain 
tendency to polyrneriz(\ 

Azomethine Group. The ty})ical atomic linkage of the azo- 
methine group, 

N 

undoubtedly shows a marked capacity for f)oIymerization, 
as may he concluded from th(' behaviour of the following 
substances - 
Formaldoxirne, 

CH, N. OH 

polymerizes gradually at the ordinary temptuature and less 
easily at higher Uunperatures.^ ForviaJhydrazine, 

{VU, 

is only known in the j)()lymerized condition. Anhydro-j^r^n- 
aide!} yde-av nine, 

OeH, .N VW,, 

occurs as a dimeride, and is apfiarently polymeiized by pro- 
longed heating to a high temperature. 

Bdhler^ heats anyhydro-formaldehyde-aniline for 10 to 12 

^ Diels, .Tost, Her. ;1290 (1902). 

* Couturier, Bonp:(^rt. (\mipt. n ud., I tO, 1690 (1905). 

® Soe BeilsU h)^ V'll, (>I 6,*{. 

* Dunstaii, Bossi, ,/. (hem. Soc.\ 73, 35.*! (1898); Scholl, 24, 575 (1891) 
MWman Pat. 335,984 (1917); (\ (1921), IV, 196; KtmstH., i/, 118, 142 

(1921); Austrian Pat. 80 , 20 l 2 ; Kunstst., 10, 150, 215 (1920). 
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hours to 130-140° C., and so obtains a clear resilient resin, 
with evolution of a vapour forming a heavy white fog. This 
resinous product has the valuable new property of increasing 
the solubility of natural and artificial resins which are other- 
wise difficult to dissolve or incompletely dissolved, and also 
to increase their lustre, hardness, and capacity for taking a 
polish. It also shows the new property, otherwise peculiar to 
shellac, of not impairing the luminosity of Bengal-lights when 
burnt, and of ensuring uniform and quiet combustion of the 
powder. When heating the anhydro-formaldehyde-aniline, the 
addition of free aniline has been found to be advantageous, 
as by this means the distillation process is facilitated, and the 
solubility of the resinous product in solvents other than ben- 
zene, for example, in alcohol, is increased. The yield of resin 
can be incnvised by the addition of small quantities of acids 
or alkalies while luxating. The two processes can be combined, 
that is to say, one may add aniline, as well as either acid or 
alkali, during heating. 

It must, obviously, be assumed that in this process other 
reactions of unknown eliaracter occur, together* with poly- 
merization ; partial decomposition most certainly occurs. (See 
also page 155 e.1 seq.) 

Polymerization can b(' facilitated by the action of acids ; 
thus, a resin is formed from acetaldehyde and aniline hydro- 
chloride, and is known as Schultz’s Base. (See page 67.) 

If two azomethinc groups are linked together, the following 
grouping is obtained — 

-c N N c< 

and shows a very considerably increased power of polymeriza- 
tion . Thus, dif or n lalhy drazinc , 

(CH., N.NT CH^)^ 

is known in polymeric form only. 

Just as the addition of one azomethinc group to another 
increases the power of polymerization, combination with an 
ethylene group has a similar effect. Thus, 2-methy 1-butene - 
^1) oxime (3), 

* CHg C(=-N.OH) C(CH8)-CH2 
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is known not only in the monomeric, but also in the dimeric 
and trimeric forms. The polymeric crystalline products are 
reconverted into the monomolecular compound on distillation 
in the air or on heating with sulphuric acid. According to 
P. Silberrad, acroleinmethylamine, 

• CHa CH.CH-N.CH, 

can be polymerized to form a rubber-like product, known as 
‘‘ pyrido ” rubber.^ 

The behaviour of the grouping, 

.>(! c NT 

which must be considered as an analogue of the group, 

>c c () 

and which represents the typical complex of the ketene-imines, 
is of special interest. The simple representatives, such as 
ketene-ethy lirn ine , 

and ketene-phenyliinine, 

V- ^ .i\u, 

are extremely rapidly polymerized to resinous substances even 
on standing for a short time. Ketene-imines in which the 
ethylene group is substituted are not so reactive.- 
The grouping, 

- -N-C--N-- 

is also of special interest, as it lias been designated as a resino- 
phoric complex by Herzog and Kreidl.^ It has undoubted 
analogies to the group, 

>c C-N- 

the reactivity of which it shares. It is the characteristic group, 

J Oummi-ZKj., 25, 1958 (1911). 

‘ Staudinger, ^^auser, Helv. Vhim. Acta, 4, 887 (1921). 

® Atigexv.,_36, 472 (1923). 
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more particularly, of the carbodiarylimides, which were speci- 
ally investigated by Herzog.^ These are easily polymerized, 
and form brown resins which are readily soluble in benzene, 
chloroform, carbon tetrachloride, trichlorethylene, oil of tur- 
pentine, fatty oils, and so forth. The varnishes give lustrous 
coatings. ^ 

According to Herzog, carbodiarylimides can be satisfactorily 
produced by heating di-substituted thioureas above their melt- 
ing point, when the following general reaction occurs — 

R . NH . CS . NH . R R . N C - N . R+ 

This reaction is accompanied by a small amount of decom- 
position with liberation of the respective base, for example, 
aniline. These products can be obtained in a similar manner, 
but with a larger amount of decomposition, by prolonged heat- 
ing to a high temperature of the corresponding urea derivatives, 

R . NH . CO . NH . R — > R . N -C -N . R + H^O 

It was found advantageous to carry out the reaction in the 
presence of a high-boiling solvent, such as aniline. By this 
process the carbo-di-imides are obtained in the polymerized 
condition. Some of tlie crude products can be purified by 
distillation. 

Thus, s-diphenylthiourea, 

NH.CS.NH .(\,H, 

(melting point 154° C.) forms a brown, brittle, resinous poly- 
meride on heating for 35 to 40 hours to 200-205° C., or for 40 
hours'in 50 per cent aniline solution under rc'flux, followed by 
removal of the separated and added aniline. A portion of this 
crude product can be distilled at a pressure of 30 mm. at about 
219° C. The distillate solidifies to a resinous product on cool- 
ing, which appears to be identical with carbodiphenylimide. 

This product can also be obtained by heatii'/g s-diphenylurea, 

CeH^.NH.CJO.NH.CeHg 

for about 40 hours to 235-240° V. 

» ^ Oeaterr., Ohem.-Ztg.^ 24^ (1921), whore older literature will l>e 

found ; see also fellis, Synthei. Resina, pp. 243, 245,' etc. 
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Similar resins were obtained from s-di-o-tolylurea, s-di-p- 
tolythionrea, s-phenybp-tolythioiirea, s-di-p-chlorphenylthio- 
urea, s-allyl-phenylthiourea, s-dibenzylthioiirea, and from the 
corresponding di-a- and -/^-naphthyl- and 2-4-dimethylphenyl 
derivatives. 

Summary. In aijy attempt to form a general picture of the 
decisive conditions for polymerization processes, on the basis 
of the above-di^scribed experimental data, it must naturally 
be remembered that this is only possible on broad lines. 
However, certain regularities can be recognized, which may be 
expressed af)proximately by the following rules — 

1. Broadly speaking, in sim))le com})ounds any unsaturated 
grcnip 

( c-± c , , r o. - N- ) 

acts as a polymerizing facd-or. The degree of (ri[)acity for poly- 
merization is (k'cided mainly by the state of aggregation, but 
also V)y the (external (conditions which are a])plie(l, such as 
pressure, heat, and catalysts. 

2. The power of f>olymerization of the simi)lest representa- 
tives of the various classes is ordy very slightly influenced by 
the addition of positive grou])s in positions oth('rw'ise occupied 
by hydrogen, as long as the number of substitiarit groups is 
not too hirg(\ At the sanu* tim(\ such substitution in many 
cases cause's tlu* necessary external conditions favouring poly- 
merization to be moie (risily attained (influence of the state 
of aggregation). 

3. Substitution in the ty])ical grou]) by a negative suljstitu- 
ent quite generally causes a considerable increasi' in the power 
of polymerization. Tn the majority of cases, the formation of 
highly polymeric, products is due to this (cause. 

4. A negative substituent, which is not connected directly 
with a typical gi;pup, exercises practically no influence in the 
directioli of increasing the polymerization. As examples, we 
may cite ally 1-benzene and viny lace tone. 

5. Two negative substituents attached directly to the typical 
group usually greatly w^eaken th(c power of polymerization. 
Substances formed iit this way may, under the circumstances* 
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be practically indifferent. When polymerization does occur in 
such cases it is usually restricted to the formation of dimeric 
products. 

6. Two negative substituents, one of which is directly 
attached to the typical group, whilst the other is attached 
by means of a methylene group, act in thc^ same manner as 
one negative substituent. Therefore an increase of reactivity 
is to be expected. 

7. When two typical groups occur in association, one of 
them acts in the same manner as a negative substituent, (bnse- 
quently, a combination of three typical grouj)s causes no fur- 
ther increase in reactivity, but may even cause a decrease 
according to rule 5. 

8. A divalent negative substituent, such as — 0 — , NH= or 
NR— or diphenylene, bc^liaves as a single negatives complex, 
that is, the capacity for polymerization is very considerably 
increased. 

If one considers the reactivity of the so-called resin ophoric 
groups in the light of the experimental material and of the 
foregoing principles, it is clear that their effect can only be 
evinced within certain limits.^ In the group, 

I 

C C—V () 

the formation of high polymerides is only to be expected if 
the vinyl-carbonyl group is present. Among substances con- 
taining the grouj), 

-('H CH on (^H 

the butadienes show by far the greatest activity. Azomethine, 
on the other hand, must be considered as only conditionally 
active, as the keteniminea are not comparable. These ketenes 
form a class of particularly active ethylene derivatives. Finally, 
in carbo-diarylimide, we have a strongly activated azomethine 
group, the exceptional characteristics of which may be ascribed 
to the same causes as the increased reactivity of the ethylene 
group in ketenes and ketenimines. 

Tho oppoHition to Horzog aii<1 Kreidl’s viovis by H. Wolff (Angew.t 40t 
1010 (1917)) appears to be too far-reaching. 



132 


ABTIFICIAL BBSISrS 


For the purpose of practical resin formation, the choice of 
raw materials must be made in the light of the above circum- 
stances. If soluble and fusible resins are required, one will 
choose comparatively complicated substances as raw materials, 
the reactivity of which ceases with formation of dimeric pro- 
ducts, as was donp by W. Herzog and J. Krcidl. If, however, 
it is desired to obtain resinous substances which are capable 
of being converted into final products, it is a mistake to attempt 
to achieve this aim by an accumulation of unsaturatcd linkages 
and negative substituents. On the contrary, the choice must 
be limited to substances of as simple a character as possible, 
as these alone ])osscs.s the capacity for conversion into highly 
polymeric and colloidal final products. In practice, of course, 
this means a very considerable limitation of the possibilities. 
This is, hf)wcver, only true with regard to the number of raw 
materials, for, regarding the polymerizing agencies to be em- 
ployed, innumerabk' [)ossibilities remain unexplored and await 
systematic; investigation. 



CHAPTER X 


RESIN-rORMINO CONDENSATIONS ' 

• 

Varieties of Condensatioil. In chemistry, the terms “ con- 
densation ” or “ condensation process ” indicate reactions in 
which new products arc formed by the liberation of simple 
atomic groups, such as H, OH, halogen, etc. As the expelled 
atoms or groups are not capable of free existence as such, but 
usually unite to form simple substances, such as HjO, HCl, 
Hg, and so forth, the by-products formed in this way typically 
accompany all true condensation processes. 

In the case of polymerization, the formula of the product is 
a mere multiple of that of the monomcride. In condensations, 
on the other hand, the sum of the atoms forming the liberated 
compounds must be subtracted from the sum of the con- 
stituents taking part in the reaction in order to calculate the 
formula of the product. Thus, for example, if acetaldehyde, 

polymerizes to form the trimeride (paraldehyde), the formula 
of the product is 

{U,H,0), or r'eH„()-, 

If, however, two molecules of acetaldehyde condense to form 
crotonaldehyde, 

CHj.CHO -I- CHj.CHO CH.(;H() + H,0 

the reaction product possesses the formula, 


C4H.0 

which is no longer a mere multiple of that of the raw material. 
Condensation processes may be either intra-molecular or 


^ A very full description of condensations is contributed by R. Kempf to 
Houben, Metkoden d. org. Chemie, Third Editioij (1925), II, pp. 716-946. 
to which we may refer. 
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extra-molecular. In the latter case, two or more molecules 
may be concerned, and these may, moreover, be similar or 
different. We may give the following examples of these vari- 
ous cases — 

(a) Intra-molecular or internal condensation : 


n^c< 


CH 2 . CJ?2 . COOH 
CHj5 . CH 2 . COOH 


Pimolic; acid 




CH2 . CH2 
CH2 CHg 


>CO I CO2+H2O 


(-yclohoxaiioiie 


(b) Extra-molecular condensation between similar mole- 
cules, or auto-condensation : 


2i\\U 

J )ij>hciiyl 

(CH5,)2C() f (dfa . CO . C’Hj (CH*)2C:(’H . CO . CH^ t HaO.. 

Mosityloxido 

(c) Extra-molecular condensation between different mole- 
cules : 

i\\\^ . ('HO I ('H 3 . ('() . ('H 3 C«H5 . ('H : CH . ('() . 

20 eH 5 .CH() I (m„.CO.('H 3 -C«Hr,.(Ul:(UT.('0.('H:CH 

l)i ben zy 1 iileiie -acetone 

The new linkage can take place in two principal ways. If 
it occurs between two carbon atoms the j)rocess is termed a 
“ condensation ” in the narrower sense, or a nuclear condensa- 
tion. Condensations of any other kind, as, for examf^e, be- 
tween carbon and oxygen, nitrogen or sulphur, or between 
oxygen and oxygen, oxygen and nitrogen, nitrogen and nitro- 
gen, and so forth, are characteristic of condensations in the 
wider sense. This distinction is justified for the reason that 
carbon-carbon cymbination is alone distinguished by excep- 
tional stability, and also by the variety of ways in which it 
may occur. 

The above-mentioned examples all refer to combination 
between carbon atoms. 

The following are typical condensations in the wider sense— 
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(d) Intramolecular condensation in the wider sense, for 
example : 


CHj . CH(OH) . CHg . CH,, . COOH - CHa . CH . CH^ . CH ^ . CO f HgO 


-O 


y-H ydroxy-n - Valerianic acid 


y-n-Valerolactorie 


. CTT* . NH* + 


Pentarnol hylonediarnino 


Piperidine 


(e) Extramolecular condensations in the wider sense, be 
tween like molecules, “ autocondensation ” : 

2CeIJa . COOH - ^ . CeHa + HaO 

Benzoic anhydride 

2CH3 . C^Ha(OH) ~ CH3 . CHa • O . CH^ . CHg f H^O 
Di -ethyl ether 


(/) Extramolecular condensation in the wider sense between 
unlike molecules : 

CHg . (^OOHH C 2 H 5 ( 0 H) - CHa ' • <-^2^5 i H^O 

Ethyl acetate 


Cells . COC1+ H^N . C^eHfi - C^H^ . CO . NH . CgH^ } HCl 

Bf*nzanilide 

Thus, condensation in the wider sense ** includes those pro- 
cesses ordinarily described as etherification, lactone formation, 
anhydride formation, esterification, oximation, acetylation, and 
so forth. 

Condensations take place with varying degrees of facility. 
In some cases the components react very energetically and 
the process takes place more or Jess spontaneously, when it is 
known as autocondensation. A reduction of temperature has 
a retarding effect, whilst temperature rise accelerates the reac- 
tion, which can be further regulated by the use of solvents, 
by which means the mixture is diluted and the temperature 
rise reduced in the case of exothermic processes. The degree 
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of temperature rise can be varied within wide limits by merely 
warming, boiling, melting, dry distillation, passage through 
heated tubes, and so forth. The application of pressure may 
also offer advantages. 

In general, however, mere admixture of the reacting com- 
ponents is insufficient to initiate the reaction or to complete 
it within a reasonable time. There is frequently a tendency to 
the establishment of equilibrium, especially in the case of con- 
densations in the wider sense, such as esterification, and so 
forth. 

In some cases the reaction may be practically completed by 
continuously removing the volatile reaction product from the 
mixture by distillation, if, for example, in the reaction 

CHg-COOH 1 OaHJOFT) (’Hg . H ) . () . C.Hs iH^O 

the ethyl acetate is continuously removed, which is possible 
within certain limits, further formation of the ester occurs, 
beyond the limits im])osed by the initial condition of equili- 
brium. This procedure alone is, howevtu’, generally insuffici- 
ent, and it is usually Ixdter to use it in association with the 
fixation of the w^ater by suitable reagents. 

Th(^ circumstances are j)arti(nilarly favourable when the 
original equilibrium is continuously destroyed by internal 
transformation of the original product of reaction. An example 
of such a case is the* formation of acetals from phenols with 
aldehydes, wliicli shows no tendency to completion of the simple 
etherifi(^ation juocess, but which is easily carried to practical 
completion owing to tlu* further conversion of the acetal into 
a dibydroxydipheiiyl-alkylide (or arylide) : 

K.CHO-f 2(HO).r«H5 H.CH(0.(’eHJ, f H,0 

K . CH(() . > R . CTl(CeH, . OH)^ 

This case also shows how nuclear condensations sometimes 
only occur after a preceding condensation in the wider sense. 

Condensing Agents. By far the greater number of condensa- 
tion processes requife promotion, not merely by heating, bift 



RESIN“FORtoNG COIMDENSATIONS 


137 


by the additional presence of condensing agents, contact agents, 
or catalysts, a large number of which have been investigated. 
It may be broadly said that the action of all these agents is 
specific, as the choice of condensing agent must be made in 
accordance with the character of the liberated by-product 
(HgO, HCl, and so forth). The effect of these reagents has 
been only partially explained. In many cases additive com- 
pounds are formed between one of the reacting components 
and the condensing agent, which then interact with the other 
component of the mixture. In other cases, the action must be 
ascribed to a definite tendency for the fixation of the liberated 
by-products (fixation of water, hydrogen halide, and so forth). 
In other cases the action appears to be purely catalytic. 

The following condensing agents have been found suitable 
in various cases — 

1 . Condensing agents when water is liberated : Inorganic and 
organic bases, salts of basic, neutral, and acid character; 
anhydrous salts, such as alkali acetates and the chlorides of 
aluminium, iron, magnesium and zinc ; tin chloride, inorganic 
and organic anhydrous salts, acid anhydrides, the chlorides of 
phosphorus, and so forth. 

2. Condensing agents when halogen hydrides are liberated : 
Alkalies, pyridine, carbonates and oxides, metals, aluminium 
chloride, zinc chloride, ferric chloride, and so forth. 

3. Condensing agents when hydrogen sulphide is liberated : 
Bases, halogens, halides, carbonates, oxides, and so forth. 

4. Condensing agents when hydrogen is liberated : Oxidizing 
agents pf all kinds, such as air, permanganate, ferric chloride, 
potassium ferricyanide, oxides and superoxides, and so forth. 

This summary is in no way exhaustive, but merely indicates 
those reagents ordinarily used. 

It may be mentioned that the success of condensation experi- 
ments depends greatly on the character and* quantity of the 
condensing agent which is used, the right selection of the char- 
acter and quantity of which offers great difficulties and must 
be established from case to case by experiment. In the case 
of autocondensations, special attention must be directed to 
precautions against excessive temperature ris^, as processes 

X0~{5647) 
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which are otherwise sluggish may assume a violent character 
in presence of condensing agents. As a residue of excessive 
amounts of condensing agent is obviously undesirable in the 
reaction product, and may be difficult to remove, for technical 
purposes the minimum quantity is always used which suffices 
for sufficiently rapid operation. At the same time, in the 
special case of resin-forming condensation, attention must be 
directed to the i)roduction of mixtures, in accordance with the 
principles aln^ady referred to, and the processes must be chosen 
and carried out in accordance with this object. 

Reaction products of resinous character may be expected 
if : 

(a) The reaction product primarily produced is of unstable 
character, and is, more particularly, capable of a certain 
d(^gree of polymcuization ; 

(b) if isomers are formed ; 

(c) if chain-compounds are formed. 

The case (a) is implied by a resin-forming condensation, as 
this is essentially carried out for the purpose of producing a 
complex which is capable of polymerization. It is, however, 
difficult to ilistinguisli in such eases betwecm resin-forming 
condensation and })olymerization, as })rimar\ resins are often 
produced, which in practice, at least, must be described as 
condensation resins, and which are merely further transformed 
by polymerization. Such reactions cannot be classified under 
resin-for/ning })olymerizations, as uncertainty often exists re- 
garding the nature of the polymerizabh' constituents, and any 
views on the nature' of the reaction arc entirely speculijtive. 

Where the resinous products are permanently soluble and 
fusible, the presumable polymerization n'actions which follow 
the condensation are of minor importances only in their effect 
on the special properties of the resin. It is possible that they 
may exercise a decisive effect on the production of the neces- 
sary “ tyj)ical mixture/’ but the importance of such poly- 
merization procjesses is confined to the production of disuni- 
formity in the reaction p^’oduct. The conditions differ entirely 
if the resinous products possess the property of “ hardening,’’ 
that is, of being convertible by simple means frdm the soluble 
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and fusible condition into another of more or less definitely 
colloidal character, which may be practically indicated by loss 
of solubility and fusibility. In this case, the polymerizable 
resin-like products obtained by condensation, possess the prop- 
erty of potential complete alteration of their original character. 
This is of the greatest technical importanc??, for which reason 
resin-forming condensations which lead to such far-reaching 
polymerizations, constitute the most important methods of 
synthetic resin production. 

As examples of simple resin formation by combined con- 
densation and polymerization, we may refer to the work of 
W. Herzog and J. Kreidl^ on resin production from benzal- 
and dibenzal-acetones, which have already been referred to 
when considering resin-forming polymerization. (See pages 
107 ef ,^eq.) All the jmxlucts produced by them possess per- 
manent solubility and fusibility, and the polymerides which 
they contain are presumal)ly never of greater complexity than 
dimerides, which act as ])ractically inert constituents. 

On the other hand, extremely active products are obtained 
by the reaction between urea and formaldehyde, probably 
according to the following equation - 

. (X) . NHg i OCH., - HgN . (X) . N : CHg I H^O 

It is not surprising that in this case transformation proceeds 
until a completely insoluble and infusible glass-like mass is 
obtained, which is known as Pollopas. 

Case^ (b) occurs, for example, if condensation in the wider 
sense first occurs, and is followed by transformations into sub- 
stances produced by nuclear condensation. In such cases the 
reaction product is frequently a mixture of primary and second- 
ary products, in which the resinous condition may be more 
particularly expected if the transformations lead to the produc- 
tion of isomeric products, such as positional isomers. As an 
example we will refer to the reaction between phenols and 
aldehydes, which first leads to the formation of acetals, which 


* See more especially, Angpw., 35, 466 (11)?2). 
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may then be transformed into semi-acetals, and ultimately into 
diphenylmethane derivatives : 


R . CHO+ 2(H()) . C.Hj - B . CH(0 . r.Hs)^ f H,0 
_() . CflHe 


H . (m < 


. OH (o. p) 


K.CH(C«H4. 0H)2 (o, p) 


The resin would in this case be a mixture of acetal, semi- 
acetal and diphenylmethane derivative. The complexity of 
composition is naturally very considerably increased if, in place 
of a single phenol, a mixture is used, for example, the tech- 
nically available mixture of the three isomeric cresols, known 
as technical carbolic acid. 

Chain-forming reactions (c) occur, for example, if aromatic 
hydrocarbons are caused to interact with formaldehyde, in 
which case diphenylmethanes are first produced, which then 
interact further with formaldehyde, in the same manner as 
the original hydrocarbons. As this seri(‘s of reactions may be 
repeated still further and, in addition, the number of isomers 
rapidly increases, it is not surprising that tlie product is of 
resinous character if the reaction is suitablj^ conducted. The 
reactions occur according to the following equations — 

2CeHe | Cir,() . CH., . ; 

CH,0 .OH, .C.H* .CH, .CeH* 

+H,0. 


It is not in any way surprising tliat these various reactions 
may occur simultaneously. The more complicated the course 
of the reaction, the more certainly will the required resin-like 
condition be attain(»d in the final product. 

In a systematidJ discussion of resin-forming condensations, a 
subdivision on the basis of the principal reactions, namely, 
condensation with subsequent polymerization, formation of 
isomeric mixtures, chain-forming reactions, and so forth, would 
be impracticable, as^no clear view could thus be obtained of 
the extremely ijumerous individual processes. It is better to 
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adhere to technical practice, and to name the various synthetic 
resins according to the raw materials employed, as phenol- 
formaldehyde condensation products, glycerine-phthallic acid 
resins, and so forth, thus basing our classification on the various 
reaction mixtures, and further to distinguish main groups, 
according to similarity of the evolved by-jp*oducts. 

Thus the processes of resin-forming condensation would be 
divided as follows — 

1. Condensations in which water is liberated. 

2. (Condensations in which halogen hydrides are liberated. 

3. (Condensations in which hydrogen sulphide and so forth 
are liberated. 

4. Condensations in which hydrogen is liberated (oxidations). 

5. Various other n^sin-forming condensations. 

Condensations in which Water is Liberated. These condensa- 
tions are particularly important for the production of synthetic 
resins, as they include the greatest number of available processes 
and, because on account of the absence of acid, poisonous or 
evil-sm(dling by-products, such as hydrochloric acid or hydro- 
gen sulphide, they enable neutral products to be obtained in 
an easy and convenient manner. 

The number of possible reaction mixtures is extremely large. 
Formaldehyde (or its equivalents, trioxy methylene, polyoxy- 
rnethylene, hexam(^thylene-tetraminc, an hydroformaldehyde- 
aniline, methylene dichloride, and so forth) is an essential con- 
stituent in many cases, for which reason it may suitably be 
discussed first as a component of the reaction. The various 
reactions may then be classified as follows — 

1. (Condensates with for vrialdehyde: 

(1) Phenol-formaldehyde products. 

(2) Amine-formaldehyde products. 

(3) Urea-formaldehyde products. 

(4) Ketone-formaldehyde products. 

(5) Hydrocarbon-formaldehyde products. 

(6) Products from various other substances with form- 
aldehyde. 
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2. Condensates with aldehydes other than formaldehyde and 
with ketones : 

(1) Phenol-aldehyde and phenol-ketone products. 

(2) Aldehyde and ketone condensates. 

(3) Condensates from aldehydes with ketones. 

(4) (^condensates from aldehydes with amines or ammonia. 

(5) Condensates from amines and hydrocarbons. 

3. Condensates with alcohols : 

(1) (condensates from alcohols with phenols. 

(2) (condensates from polyalcohols with polyatomic acids, 

(3) Other condensates from alcohols. 

4. Condensations with acids 

Condensates with Formaldehyde. Formaldehyde not only 
reacts as an akk^hyde, H . (MO, but also as methylene glycol, 
CH 2 (Off) 2 -^ In consequence of its veiy exceptional reactivity, 
it easily reacts with an extremely large number of rej)resenta- 
tives of many classes of substances, forming not only nuclear 
condensation y)r()ducts, but also many othcn* C(ndensation pro- 
ducts in the wider sense, such as (Others, and so forth. These 
lattei’ are frequently subject to further transformations, so that 
by carrying out the n^action suitably, a mixture of ])roducts 
with the characteristics of a. resin may almost always be relied 
on as a product. Jn addition, the group CH 2 :C<^ is easily 
formed, and when suitably substituted shows a definite ten- 
dency to the formation of ])olymers. It is, therefore, not sur- 
prising that in nunuTous cases formaldehyde condensation 
products sliould take the form of resins which show a j)ro- 
nounced tendency towards conversion into end ” products. 
These various propi^rties render formaldehyde or its equiva- 
lents an irreplaceable raw matc'rial for the production of 
synthetic resins. 

Phenol-formaldehyde Condensation Products.^ The reaction 

^ Soo the work of Tollens and pupils, for exainplo. Amt., 265^ 316 (1891); 
276, 82 (189.3); 2Sy, 36, 46 (1896); 36, 1341 (1903). 

“ The following K<'ueral articles on phenol -formaldehyde condensation pro- 
ducts may bo referred to: L. H. Baekeland, (Vi&tn. Zt(f. (1909), 317, 326, 347, 
368, I268;(1912), 124r);H. Lebach, Angew,. 22, 1598 (i909) ; (1913), 

733, 760; Ullmaim, Knryclopacfiia, IT, 129; VII, 297; Bottler, Kumtharze, 
Munich (1919); (\ Kllis, Synthetic Jiestns and Their 1*taHticH, N(‘W York, 

(1923). 
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between formaldehyde and phenols corresponds to that be- 
tween aldehydes and phenols in general (page 177 et seq)y and 
ma,y be formulated as follows, in the case of ordinary phenol, 
CeH, OH - - 

H,C() + 1>C«H5 . OH - H,C(() . 

• 

It is not to be expected that the isolation of this diphenyl 
ether of dihydroxymethane should be possible under the condi- 
tions of the reaction, namely, in presence of acid. The product 
melts at 18"^ C. and is, therefore, liquid at the ordinary tem- 
perature,^ and, moreover, it is generally found that acetals of 
this character are converted on heating in the presence of 
acids into methylene diphenols, a semi-acetal being formed as 
an intermediate product.^ (See page 178.) In the case under 
consideration the following compounds might therefore occur — 
Semi-aectals, 

O . 


i\u^.on 


and methyleiie-dii)henols, 


H,c 


CeH^. OH 
(’ 6 H 4 . OH 


The presence of these latter com])oimds has actually been 
demonstrated. 'Thus, for example, A. W. (Vaster van Voorhout^ 
succeeded in isolating p-dihydroxydiphenylmethane (melting 
point 160*2°(^.).^ Subsequently, Traubenberg succeeded in 


^ C. A. BiK<'hoff and H. Frdbh<*}i, Her,, 40, 2789 {J907). Tins includes a 
bibliogftiphy. 

See L. CJaisen, Ann., 237, 204 (1S87); Be.r., 19, 3;H7 (IHSO). The roaction. 
between formaldehyde and aniline proceeds quito similarly, 'rhus, according 
to C. Eberhardt and A. Welter, Ber., 27, 1804 (1894), mothylonedipluuiylirnide, 
(dig . (NH . (^ 0115 ) 2 ’ first formed, analogous to acetal, CHg . (O . 

The transformation of the latter into irndhylcnediphonol, CHg . (C’ 6 H 4 . OH)*, 
is analogous to the conversion of mothylone-diphenylimide into diaminodi- 
phenylmet/haiie, CH* . (C 8 H 4 . NH*)*, which also occufti \mder the influence 
of acids. See page 196 at neq. • 

Chem, Weekblad, 17, 2 (1920); (1920), 11, 340. 

^ For the product, obtained by melting the corresponding diphenylme thane 
disulphonic acid with caustic alkali the in.p. 158° C. has bt)cn found; see 
Beck, A ML, 194, 318 (1874). C. Eberhardt and A. Welter, Ber., 27, 1814 
^(1894), who obtained the same compound by dia/ot i/.ing tbe diurniiio-com- 
pound, do not give the melting point. 
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isolating an isomeric product of melting point 115® C,,^ which 
may very probably be the o-p-product.^ There is, therefore, 
no doubt that formaldehyde can enter into essentially the same 
reactions with phenols as other aldehydes. This is also shown 
by the work of N. Caro^ and L. Kahl,^ in which the methylene- 
diphenol derivatives obtained from formaldehyde and resorcin, 
pyrogallol, naphthoresorcin, salicylic acid and o-cresotic acid 
are described. 

Although the formation of the methylene-diphenols is pro- 
moted by acid conditions in the mixture, the reaction can 
also occur in the presence of alkali or substances of similar 
chemical character. This was already shown for aldehydes, 
R . CHO, by A. Michael.^ That it also applies to formaldehyde 
is shown by the ease with which dihydroxydinaphthylmethane 
is formed on allowing an alkaline solution of formaldehyde and 
^-napthol to stand, and also by a statement of Auwers*^ that 
by the action of very strong caustic soda solutions not only 
are phenol alcohols formed, but also a certain proportion of 
dihy d roxy( lipheny 1 me th a nes . 

It is true that under alkaline conditions another reaction, 
which is typical for formaldehyde, takes place by preference, 
namely, the formation of phenol-alcohols of the o- and p-series, 
as was sh(mn independently b}^ both L. Lederer*^ and O. 
Manasse.^^ The reaction may be considered either as a con- 
densation or as an additive reaction (aldol formation), and 
takes 2)lace axjcording to the following equations — 

HO.CHsj. OH f H . OR HO . CHjj . . OH( 1,2 or 1,4) or 

Hy(lroxyl>onzylalfohol 

(ni204 H . . Oh (^H2(0H) . . OH 


^ Angew., 36, 615 (I92;i). 

“According to V. Wagner, Jotirn. prakt. i'hvm. (2) 6‘5, ,‘112 (1902), the 
melting point of this substance is 117-118° C. All tho otla^r known isomers, 
with the exception of the <li*p-coinponnd, melt at much lower tomporatures. 
Her,, go, 947 (1892). 

^ Ber., :U, 143 (189S). 

Ber., 17 H, 21 (1884). 

® O. Manasse, Bvr., 27. 2412 (1894). 

' Ber., 40, 2525 (1907). 

Journ. prakt. ('hem (2), 60. 223 (1894). 

« Btr., 27. 2409 (1894);derman Pat. 86,588 (Bayer k Co ). 
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By using larger quantities of formaldehyde than correspond 
to the molecular ratio 1:1, more than one primary — CHg . OH 
group can be introduced.^ On heating, such polyvalent alco- 
hols easily liberate formaldehyde, whilst the hydroxy benzyl 
alcohols manifest a similar tendency on much more energetic 
treatment only.^ The considerable tendency to form phenol- 
alcohols in presence of alkaline agents is shown by the fact 
that the proportion of phenol in excess of one molecule may be 
simply distilled off.^ It is interesting to note, in this connec- 
tion, that hydroxybenzyl alcohol has also been found in the 
product obtained under acid conditions,^ although its detec- 
tion is difficult owing to the ready resin ideation of phenol- 
alcohols, due to the formation of anhydrides (Saliretenes) 
referred to below. 

Either form of interaction of formaldehyde with phenols 
leads with equal facility to mixtures of resinoid character. 
As, broadly speaking, acid condensing agents, such as acids 
and salts showing an acid reaction on hydrolysis, cause inter- 
action between 2 molecules phenol and 1 molecule formalde- 
hyde, whilst basic condensing agents, such as bases and sub- 
stances of equivalent action, more especially salts which give a 
basic reaction on hydrolysis, cause interaction between 1 mole- 
cule phenol and 1 molecule formaldehyde, two main classes 
of phenol-formaldehj^de condensation products can be distin- 
guished. This distinction is by no means merely theoretical, 
as the products condensed in an acid medium are permanently 
soluble and fusible, whilst those condensed in a basic medium 
are all readily converted into insoluble and infusible products. 

The*reason for this distinction is to be found in the differ- 
ing constitution of the two classes of resin. The products 
of acid condensation are mixtures of acetals, semi -acetals 
and methylene-diphenols, containing some unchanged phenol 
or dissociation products of the condensateg.^ The products 

^ Chem. Fabrikoii, Ur. K. AUxirt, (jl. in. b. H., U.S. Pat. 1,(514,171 ; British 
Pat. 261,472; Fnmch Pat. 696,072; C. (1927), 1, 1890 

“ F. Ka.schig, Angew., 25, 1946 (1912), Note 2. 

» H. Lebach, Chem.^Ztg., (19i:i), 734. 

^ ^ L. H. Baekeland, Chem.~Ztg., (1912), 124(». 

® A Dianin, J5er., 25 R. 334 (1892). 
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obtained under alkaline conditions, on the other hand, must be 
considered essentially as mixtures of various phenol-alcohols, 
which also, of course, contain a certain proportion of unchanged 
phenols. 

As the special technological importance of the two classes 
of resins, arising^ out of the above differences, will be dis- 
cussed in a special chapter, we need only refer here to 
the special nomenclatun^ which has been introduced for 
these various products, and for their various transformation 
stages. 

Nomenclature. The products of acid condensation, which 
are, practically speaking, })ermanently soluble and fusible,^ are 
known as Shellac substitutes, or as Novolak.^ The so-called 
Saliretines should also be included in this class. 

The products of basic (condensation, which can be further 
transformed by simple lucating, are known as Kesoles® or 
Initial condensates,^ when in licpiid form, or in soluble and 
fusible solid form. After conversion into hard, heat-resistant, 
insoluble and infusible masses, they are known as Kccsites or 
Final condensat(\s, for which the term Plienofdast has recently 
been suggested.'* An intermediate stage may be distinguished, 
which it was fonn(*rly customary to call the Intermediate con- 
densate or llesitol.^’, and 

The question of most scientific interest is undoubtedly that 
of the nature of the liardening transformation. 

The conditions are very complicated, as j)urtc substances are 
not present. However, sufficient data are available to indicate 
the main character of the reactions which occur. The following 
has been (cstablisJied — * 

1. (Iiemically pure o- and p-hydroxv benzyl alcohols can be 

^ On ))rolong(Hl to a hi^li tf'tnporainro Ijanleiiing orcurs; 

sno L. IJ. Baekoland, Chem. Ztij. (1912), 124(). 

^ L. H. Baekoland, ('livm.-ZUj. (1909), S58. 

3 H. Lobach, Aniffw., 22, 1001 (1909). 

* L. H*. Baok(4and, Britinh Pat. 1921 (190S); U.S. Vat. 942,809. 

O. Oambor, Drechavlhu/rc Kuntifharzv, Hartlc'bcns Bibl. No. 381 (1926). 

* Oorman Pat. 237,790. 

7 H. Lobacli. Vhcni.-ZUj. (19^3), 734. 

* 7'ho Bak(4iU*-OoHellsciiaftin.b.H., Krknor-Borlin, \is(\s the n'gistorcd name 
“ Bakolito,” to wliicli it a(l<Ls “A," “ B,’' or “C'’ to df^wigiiato the varioi^ 
stages of troatnieut. 



RESIN-FORMTNG CONDENSATIONS 


147 


converted into typical resites by sufficiently prolonged heating 
to a high temperature.^ 

2. Mixtures of phenol-alcohols undergo the same change much 
more easily and rapidly.- 

3. Dihydroxy diphenylrnethanos are not convertible into 

Resites. ^ 

4. In alkaline condensations; even in the presence of a large 
amount of alkali (KOH), the reaction between phenol and 
formaldehyde proceeds as far as resite formation, even at 
water-bath temperature.^ 

5. Novolak is converted into resite by treatment with 
formaldehyde in the absc'ncc or presence of contact agents 
(bases or acids). ^ 

6. Resol is spontaneously transformed into resite under the 
influence of acids.*^ 

7. All the indications point definitely to the nature of the 
transformation as a polymerization process, in the course of 
which a hemi-colloid is formed. In particular, the intermediate 
product, Resitol, must be considered to be an analogue of 
“ vitreous styrol,”*^ that is, a solid solution of Resitc in Resol. ^ 

8. In order to achieve maximum hardness, the addition of 
formaldehyde is necessary or advantageous. 

The study of the phenol-alcohols, and more especially of 
saligenin (o-hydroxybenzyl alcohol) has shown that under the 
influence of acids they undergo a very considerable transforma- 
tion into anhydrides of ethereal character, which form resins, 
known as Saliretins.” This reaction is quite comprehensible, 

as chain formation can theortdJ(;ally involve an indefinite 

• 

1 F. Raschig, Amji iv.. 25, 194($ (1912). 

Loc. cit . ; see also Ciorman Pal. 189,2(32; de Laire. 

® Goriiiari Pat. 157,553; HmiKohk#’. 

* H. Lobach, Chnn.-ZiUj. (1913), 73(3; Aylsworth, Hritisli Pat. 3,498 (1911). 

6 See British Pats. 27,096 (1908); (3,4.3o‘(191 1 ) ; Knoll & (.^o. 

* H. Stobbe and (1. Posnjak, Ann., 371, 25V (1909). 

’ See also L. H. Baekeland and H. L. Bender, Kun8t8t.^{JV25), 216. 

* Piria, Ann., 55, 39 (1845); Ann. chim. phys. (3), 14, 268 (1845); Boilstein 
and Seolhoim, Ann., 117, 84 (1861). The last two authors also found that 
saligonin is conv<*rted into an insoluble product on heating with PCI 5 in a 
sealed tube. A similar product was obtained by C. Paal and Senningor, Ber., 
27, 1802 (1894), by treating saligenin in a sealed tube with alcoholic ammonia, 
^d was nam€id Saliretazin. A similar result was obtained by L. K. Baekeland, 
Qhem.-Ztg., 857, by heating with phenol under pressure. 
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number of molecules, so that all the conditions are present for 
the formation of mixtures, the individual components of which 
are mutually soluble — 

iiHO.CeH^.CH.iOH) ->H().CeH4.CH2i0.CeH4.CH2j„.,0.(^eH4.CH20H 

Saliretin mixture 

As L. H. Baekeland was able to show that this (^hain-forma- 
tion can also be effected by heating, and that the best produc- 
tion of resite is obtained by the interaction of 6 molecules of 
phenol-alcohol with 1 molecule of formaldehyde, he concluded 
that the final product was built up from the component mole- 
cules as follows 

(!H2 <> CH. () 

I ‘ 1 

i\\\, . () (CH^ . . ()), . (\H, 

that is, that it consisted of hexa-hydroxy benzyl -methylene- 
glycol anhydride complexes. 

This conclusion is, however, hardly in accordance with the 
actual behaviour of resites, although it may bo admitted that 
the presumable internal ring tension might suffice for the 
formation of association colloids. (See ])agcs 54 and 7B.) But 
the extremely slight tendency to transformation of phenol- 
alcohols in a basic medium^ makes it scarcely possible that 
resite formation should be a reaction similar to the saliretine 
reaction, in view of the factv« rcierred to under 4 above. 

A similar objection holds to the theory of resite formation 
recently formulated by H. Barthelemy,^ who considers the 
cauvse for the formation of colloidal complexes to beHhe far- 
reaching capacity for chain formation of the phenol-alcohols. 
It could be shown by cataphoretic tests that products of that 
kind are formed, for whilst the colloids obtained in an alkaline 
medium migrated to the cathode, those obtained in an acid 
mediupi migratt'd to the anode. Barthelemy considers that 
this proves the occurrence of two essentially different classes 

^ Ghem,-Ztg, (1909), :m ; pat. 189,202. 

- The method of pmpariiig phenol -alcohols according to 1^. Ledert*r or 
(). Manasse is directly based on the stability of those jiroducts to alkali. « 

^ Kwistst. (192^, 150; La Revue des Produits Chim,, 301 (1926). 
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of phenol-formaldehyde condensation products, which he formu- 
lates as follows — 

Froihict obtain(‘(l witli alkali. 

Product ()btaiiu‘d with acid. 

A. Wohl and B. Mylo^ make the interesting suggestion that 
the resites may be polymerized methylene-phenols, derived 
from the tautomeric form of the phenols. It is, however, diffi- 
cult to explain the formation of complexes of such a character, 
although their powers of polymerization, if formed, would be 
beyond question ; for the ease with which resites are formed 
in a strongly alkaline solution (sec 4, page 147) shows that it 
is very unlikely that the reaction could occur as follows — 

cu/) I () -- f'Hj o I HjO 

Polymerizable 



as the presence of alkali would yjrevent the formation of the 
ketonic form of phenol. Attempts to explain the formation of 
such polymerizable^ substances in any other way appear very 
doubtful.- 

F. Raschig^ attempted to explain the basis of resite forma- 
tion in quite another manner. Starting from the fact of the 
smooth and easy conversion of mixtures of phenol-alcohols into 
resites, ^nd the further fact that products w^hich are stable to 
alkali are formed with especial ease in the presence of excess 
of formaldehyde, he suggested the following course of the 
reactions. 

The isomeric phenol -alcohols first interact to form dihydr- 
oxydiphenylmethane derivatives. In the case of monovalent 

1 Ber., 45, 2046 (1912), Note 1. 

2 One might assume a reaction similar to that which occurs during the con- 

version of methylenediphenylimido, CHg . (NH • C«H6)2, into anhyclroforrnal- 
dehyde -aniline, CH.^ see C. Eberhardt and A. Welter, Ber., 27, 

MI06 (1894). 

^Angew,, 25, 1946 (1912). 
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alcohols, this leads to the formation of complexes such as (I), 
whilst polyvalent alcohols form complexes such as (II). 


OH 

OH 

OH 

OH 

QCH,(()H) 

QCH,(OH) 

(HO)H2C0CH2(OH) 

(HO)H2Cp|CH,(OH) 

H 

1 • 

H 

T 

CH,(OH) > 

CH. = 

CHgCOH) 

1 

^ CH^ 

1 

1 

0 

1 

0 

(HO)H,c0t:Hj(OH) 

1 

{HO)H2(0t>H2(OH) 

OH 

OH 

OH 

OH 

2 Mols Mono- 




alfolK)! 

(T) 


(11) 

(o- and p-Donv. 

) 




Two molecules of these dihydroxymethanc-alcohols then con- 
dense further to form more complicated molecules of the types 
(III) or (IV), thus producing products which are either soluble 
in alkali, or insoluble in consequence of the formation of internal 
anhydrides. The prodiudion of the latter assumes the inter- 
action of a cei'tain further quantity of formaldehyde. 


OH 

OH 

1 - --0 1 

0 ™’ 

0 

-(^H, -0 CHg-Q-CH^- 

(;h, 

1 

1 

CHj : 

1 

! 1 1 

() (^H, CH, 0 

1 ” 1 

1 

0 OH,- 

1 

.0 

, ! 1 

OH 

OH 

1 () - -- i 

(III) 


(IV) 


These views have recently been again adopted by W. Herzog 
and J. Kreidl,^ as by a siinplt^ rcvarrangement of formulae such 
as (IV), the presence of resinophoric groups can be indicated, 
which can be used to explain the production of further higher 
polymers. It must, however, be stated that these assumptions 
appear scarcely adequate in this particular case. 

The fact must be taken into account that a complex of very 
great polymerizing capacity must be formed in the earUest 


^ Angew., 35, 643 (922). 
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phase of the reaction. As the suggestions of Barthelomy and 
of Wohl and Mylo, which would in any case be very specula- 
tive, may be dismissed, owing to the facility with which resites 
are formed in strongly alkaline solution, the most probable 
remaining assumption is that recently propounded by L. H. 
Baekeland and L. H. Bender,^ who start f^'orn the fact that 
dihydroxy diphenyl methane derivatives have been detected 
with certainty as intermediate products. If these substances 
are treated with formaldehyde, methylene derivatives are 
formed as follows — 


I H^Cc: -> c< 


to which a tendency to polymerization may be attributed. 
Baekeland and Bender, therefore, formulate the formation of 
the Novolak resins and resole products in the following manner — 


(H,() f . OH 






Novolak product 


RchoU'i j)rodiiet/, 
Rowito 


This view has undoubtedly the advantage of great simplicity, 
and also explains the various circumstances of the? case. The 
assumption of the formation of semi-acetals in Novolak pro- 
ducts is inessential, as obviously acetal itself and methylene- 
di phenol would represent absolute equivalents, the formation 
of which would depend on the conditions of the experiment. 
(See below.) 

In the first instance, it explains how^ Novolak products are 
converted into resites by treatment with formaldc^hyde. It 
also explains quite satisfactorily why the products so obtained 
are in no way inferior to those obtained directly from resoles. 

An explanation of the formation of resoles in alkaline media 

• * Kunstat. (1925), 216; Ind and Etigin. Chem., 17, 225 (1925); ('■. (1926), 
1. 2729. 
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is, perhaps, more difficult, as in this case phenol-alcohols are 
undoubtedly present. It should, however, be remembered that 
Raschig’s view that phenol-alcohols are able to interact with 
phenol, or even with other molecules of phenol-alcohol,^ is 
strongly supported by von Auwers’ observation of the forma- 
tion of dihydroxy diphenylmethane in alkaline solution. These 
interactions would first lead to the semi-acetal or phenol - 
alcohol of such a substance. 


HO.CeH4.CH,.OH + HO.CeHfi-HO.CeH4.CH2.0.C«W5 f H^O 
HO.C«H4.CH2.OH + HO.CeH,.CH2.OH-HO.CeH4.0H2.C.CflH,.CH2CH + H2O 

In the usual charges, which contain 1 molecule of form- 
aldehyde for each molecule of phenol, the simple semi-acetal 
would first react directly with formaldehyde, thus forming the 
polymerizable complex. In the case of the phenol-alcohol of 
the semi-acetal this would, however, only be possible in so 
far as further formaldehyde were available, as in that case 
the monomolecular proportion has already been disposed of. 
To the extent, therefore, to which the phenol-alcohol of the 
semi-acetal is produced, non-poly merizable molecules will 
accumulate in the resin mixture, the practical effect of which 
will be manifested by retardation of the further transformation 
process. As the primary alcohol grou]) is gradually eliminated 
in the form of formaldehyde on heating, the caj)acity of the 
product for being hardened still remains, but is considerably 
accelerated by the further addition of formaldehyde. As in 
this manner the completion of the reaction is most certainly 
secured, the advantage of this procedure is fully explained. 

The fact, which is on the face of it somewhat surprising, that 
mixtures of various phenol-alcohols interact far more easily 
than chemically pure individuals, may be simply connected 
with the varying^degrees of reactivity of the individual phenol- 
alcohols ; for one isomer will unquestionably form ethers more 
easily than others, whilst another perhaps shows a greater 
tendency to liberate the primary alcoholic group in the form 

^ Atigew.y 25, 1946 (1942); the author fonnulates the process as a nucleaf 
condensation, whiq^ is improbable. 
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of fortiialdehyde. Such assumptions, which may certainly be 
applied to the o- or p-hydroxybeiizylalcohoLs, would explain 
the smooth interaction of both isomers and the comparative 
inertness of the chemical individuals alone. 

Whilst the formation of resole resins in alkaline media is 
largely independent of the proportions of tjie interacting raw 
materials, resoles are only formed under acid conditions if the 
components are present in at least molecular proportions and 
also after prolonged heating only. This shows that the inter- 
action of the formaldehyde with the actual acetal, which must 
be assumed to be the primary complex, takes })lace with diffi- 
culty if at all. As the conversion into semi-acetal or methylene- 
diphenol requires time, this ex])lains the necessity for the pro- 
longed duration of the reaction, on which the concentration 
or acidity of the condensing agent is also of influence. Wlien 
preparing finished Novolak, the transformation is effected dur- 
ing the so-called “ concentration of the batch, with the object 
of attaining a luoduct of the highest possible melting point. ^ 
Therefore the admixture of formaldehyde or trioxymethylene 
to such “ finishc^d ” resin may act directly by the production 
of polymerizable complexes. 

The essential difference, therefore, between basic and acid 
condensing agents depends on the fact that with the former 
the formation of the acetal stage is avoided, the semi-acetals 
being at once formed. With acid condensing agents, on the 
contrary, the acetal is first j)roduced, and its further trans- 
formation requires some time. After the attainment of this 
stage, the difference in the action of tin* two classes of reagents 
disappears. More particularly with regard to the development 
of the polymerizable complexes themselves, and their further 
polymerization, it is immaterial whether basic; or acid reagents 
are used. 

It is difficult to form a definite; opinion wii/h regard to the 
exact structure of the polymerizable complexes. The assump- 
tion of the formation of the semi-acetal is arbitrary, although 

^ It should bo remeiiibprcHl that methylenediphonolother (the acetal) melts 

18® C., whilst p-p-dihyd.roxydiphenyIniol.hane rrwdts at 160® C. and the 
o-p-derivative at 116° C. (117°-n8° 0.). 

- (5647) 
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very probable, as already explained. Of the most obvious 
possibilities. 




,O.CeH5 

' o . 


A 


CH^-C 


B 


CHj 


- C< 


CeH^ . OH 
CeH4 . OH 


C 


C is presumably not polymerizable, as already explained (page 
97), or at any rate not to any important degree. This objection 
applies to neither A nor B. It should, however, be noted 
that a resite (/!)„ would be sensitive to alkalies, whilst, although 
{A)y^ would be insensitive to alkalies,’ it would not explain 
the ready formation of resite in an alkaline medium. It is, of 
course, possible that equilibria are established in the melt 
between A, B, and C, which alter continuously in the direc- 
tion of the most readily polymerizable substance. In this way 
the ])redominant formation of (A)„ could be explained, which 
would further (explain the resistance of the polymerized system 
to alkali. The circumstance must, however, be taken into 
account, that by tlie dry distillation of car(‘fully prepared 
I'esite j)roducts, about 20 j)er cent only of phcmol can be separ- 
ated,**^ which fact is not in satisfactory accordance with the 
existence of a j)olymerized acetal. It might, therefore, be 
advisable to consider the possibility of tautomerization , which 
might, of course, lead to premature formation of product C. 
It should certainly be remembered that insolubility in alkali 
might be caused by transformation of p- into o-derivatives, 
followed by anhydride formation.^ 

In the latter case, the possibility must be allowed for that 
by the linkage of the two phenyl groups which are ''unsym- 
metrically united to the methylene group, a substance of similar 
constitution to diphenylethylene might be formed (see page 
95), which would result in considerable increase in the poly- 
merizing caj>acity. 

Thus, in spite of the undoubted advance which the theoret- 
ical views of resite formation have made, numerous questions 

^ Thus, arcordirij? to A. Cla\^8 and F., Trainer, J3cr., 19, 3010 (1886), the 
substance CHg . CH(0 . C,„ . — fi)^ is unattacked by boiling alkali solution. 

2 W. Herzog, Anqcw., 34, 97, 169; C. (1921), 11, 1067; IV, 196. 

» L. Claisen, An^i., 237, 264 (1887); Ber., 19, 3317 (1886). 
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still remain unsettled. Resite formation cannot only occur from 
the direct reaction products of phenols with formaldehyde, but 
also from products of phenolic character which are obtained 
by the action of acetaldehyde or of methyl-ketones on phenols. 
The reactions in question, which occur in the presence of acid, 
lead to the formation of substituted methyteiiediphenols : 

HHC((^aH 4 . 0 H )2 or RR’ 0 (CeH 4 . OH)^ 

If these substances are treated with forinaldehyde, resites 
are obtained by a smooth reaction.^ 

According to L. R . Baekeland and L. H. Bender, the action 
may be explained by the interaction of formaldehyde with one 
of the methyl groups : 

CH, 

O.J?. 

CH/ ^ rH/ 

This applies to all methyl derivatives of th(^ above character, 
and in the case of dimethyl compounds two molecules of 
formaldehyde may react. In all these eases com))ounds are 
formed of the general ciharacter, CHa—CTI . X, where X repre- 
sents a negative group, which may vary from case to case. 
In accordance with our earlier explanations, tlu^se constitute the 
best conditions for far-reaching polymerization to form resites. 

From the above it will be clear why, on r(q)lacing form- 
aldehyde by other aldehydes, the ca})acity of the resins so 
formed to ])roduce resites rapidly diminishes. With acetalde- 
hyde the action is already very slight, whilst with propionic 
aldehycTe or aromatic aldehj^des it is non-existent. Furfurol 
forms an exception, but in this case the constitutional factors 
are of another character. 

’ W. A. Botttty, U.s. Pat. 1,226,748. 

^ It should also bo homo in mind tliat, boing .phenols, the compounds 
R(UI(C«H 4 . OH)., and . OH)., 

may interact with formaldehyde to form the corresponding phenol -alcohols. 
The products so obtaimul would show rosolo characters <>qually M'ith the 
simpler products. In actual fact it is possiWe to “ harden ” any phenol - 
formaldehyde condensation [)roduct by treatment with formaldehydes although 
with increasing molecular weight of the reacting c§mplex, tins bt'comes in- 
creasingly inert. • 
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Amine-fonnaldehyde Condensation Products. In its inter- 
actions with amines, formaldehyde also takes up a special 
position amongst aldehydes. Thus, for example, with aniline, 
in acid or neutral solution, formaldehyde forms anhydroform- 
aldehy de-aniline , 

• (CeH,.N CH,), 

a crystalline product of polymeric character, which is con- 
vertible into a resin by lieat, and so forth. (See page 126.) 
In alkaline alcoholic solution, aniline and formaldehyde pro- 
duce methy\enedi\>henyldi-imide,^ 

which, on heating on the water bath for about 12 hours with 
aniline and aniline hydrochloride, is converted into diamino- 
diphenylnietliane, 


a reaction whi(^h is accompanied by resin formation. Form- 
aldehyde reacts similarly with other })rimary aromatic amines, 
condensation taking ])lace by preference betwe(‘n the carbon 
and nitrogen atoms.- 

On the other hand, the reaction between other aldehydes, 
H . (JHO, and primary aromatic aminos, when tlie latter are 
present as sulphates, usually results in th(^ linkage of carbon 
to carbon, for exarn})le, 


C«H, . cuo I 2i\u , , . (*H • 


In this reaction th(^ p-position to the amino group is mainly 
occupied. If this is occupied reaction occmrs with the hydro- 
gen atom in the o-position. The reaction probably always occurs 
with intermediate formation of an aldol-Iike product, which 
has frequently been isolated and which reacts with a second 


* Eberhardt, Ber., 27, 1804 (1894). 

* On the products of high molecular weigld (e.g. M. 1,120-1,148) obtainable 
with o-toluidino, rn-toluidiiio, and xylidino, with formaldehyde in sulphuric 
acid solution, see V. M. Kroneberg, J. Rm,s, Phys. C/*rm. Gc8, 48, 305 (1916): 
C’. (1924), I, 2422.^ 
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amine molecule, with liberation of water, to form the above 
products — 

1. CeHs . CHO fCeH, . N(OH3)., . CH(OH) . 

2. C.H,.CH(OH).(l.H,.N(CH,), | C.K5.N(CH,), |-H,0 

The second phase occurs witli increasing difficulty as the 
acidity of the liquid is increased.^ 

The course of the reaction with formaldehyde, on the other 
hand, appears to show more analogy with that with the 
aliphatic alcohols. With ]>rimary aromatic bases or their hydro- 
chlorides these first form N-alkyl derivatives which arc fur- 
ther transformed into nuclear homologues ])y migration of the 
alkyl group. For examj)Ie, 

1. CeHs . NHa . HCl 1 CII3 . OH . Nil . (’H3 . HCI 1 H,() 

2. C.H, . NH . OH3 . HCl - - -> 

With excess of formaldehyde in acid solution hu’tiary aro- 
matic bases form alcohols, in wliich the alcohol residue occupies 
the p-position to the amino group, or the o-position if the other 
is occupied. With an excess of the base (2 molecules base to 
1 molecule formaldehyde) diphenylmethaiie derivatives arc 
formed — 

CH,() f C,U,N{CH,), -> HO . CH., . 

Alooliol 

0H,() I 2C.H4N((:H3), (:h,ic:,H4.N(CH,,)4|, 

l)i])h<*iiylniothano ilorivaliv*' 

Some of the above-described reactions have been proposed 
for the production of resins.*^ As will be realized, the many 
possibilities for interactions and transformations imply favour- 
able conditions, as in many cases the production of mixtures 
can be relied on.^ Bdhler’s resin, which is.now considered as 
a polymerized product (see i)age 1 20), iriay owe its* resinous 

^ Houbon, Die Methoden dcr orij. (dtemie. Third Edition, Vol. 11, pp. 898 
et seq. • 

® See patent summary by Aladin, KuufttsL^ ISy 86 (1928). 

® On the reaction between p*toluidino and formakhdiydo, see mom especially 
C. K. Ingold and H. A. Piggott, J. Chem. Sor., 12l 2745^(1923). 
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character largely to the occurrence of transformations, as is 
indicated by the fact that the addition of aniline exerts a 
favourable effect. The following amines have been recom- 
mended for the production of resins by interaction with 
formaldehyde — 

Aniline Hydrochl4)ride. The aqueous solutions of this sub- 
stance yield plastic masses after adding formalin, cooling the 
product of the reaction, and again adding formalin.^ Accord- 
ing to more recent processes acetic acid is used. Improvements 
have also been made in the treatment of the primary product 
such as heating in vacuo or under pressun^ ; the latter process 
may be j)receded by treatment with alkaline (^le(;trolytes.“ 

Naphthylamine^^. Mixtures of a- and jS-naphthylamine are 
caused to interact with formakhdiyde ; in order to improve the 
resistance to light, the above mixture of bases may be replaced 
by mixtures of u-naphthylamine and primary amines of the 
benzene series.^ The products resemble colophony. 

ReMnaien or Fatty Acid Falts of Aromatic Amines, Mixtures 
of rosin acids or higher fatty acids with aromatic amines 
(aniline) are c()nd(uis(* ** d with formaldehyde. The resinous pro- 
ducts are insoluble* in water, soluble in alcohol, ether, acetone 
and chloroform. Th(‘y are stated to be similar to shellac, but 
are insoluble in caustic alkali solution.^ 


* A. AUers, (lt‘rrnan Pul. H>S,3r>S ; also KuhhM., /, .HI .‘i (IlUO). On tho 
profM'rtios of a condonsation protinct obiaiiw'd hy lu'atiiig 1 inulocuh' aniline 
hydrochloride with niul(‘cules formald»‘l»v(ie iti (hlule acpioons solution, 
800 (lorman Tat. 406,218 (1028); (\ (1925), I, 1658; the products, which are 
used for th(' rnanxifact uiv of dyc'stuffs, an^ anior[)lious, pah' yellow powders 
insoluble in chloroform, ])artially soluble in nitrol)t>nzem*, easily soj^ible in 
pyridine an<l soluble in glacial acetic acid with orange nul colour, which 
decom])Ose, without melting, at IHO® V. 

** L. Light, nritish Pat. 275,725; 1. (1. Farlx'iiind, (lerman Pat. 

452,009; La Fibre DianioTul, British Pat. 282,4.H5; Haller, Swiss Pat. 
12.H,515; (tos. chem, Ind. Bash', British Put. 282.065; see also 1 . (}. Farben- 
iiidustrio A.-(l., (lerman Pat. 45.2,276; British T*at. 274,155; French Pat. 
612,206; (\ (1928), 1, 2,462. 

* Farbw. vorni. Meister, liUciiis A lh*iming, (lerman Put. 202,952 (1916) 

and 306,021) (1917): (1922). 11. 879. 

* L. Bertuid, (lerman Put. 222,512; see also Kunutfft.^ 2, 152 (1912); 2, 10, 
173; C. (1910), II, 122. On a plastic mass from a fatty drying oil (Tung oil), 
formaldehyde and an amine, e.g,, o-toluidine, st'e L. Lilienfeld, Oerman Pat. 
259,840 (1912); KnnstHt., 3, 257 (1912); Austrian Pat. 51,719; Kunatst., 2, 392 
(1912); ITS Pat. 1,090,730; KumtH.. 4, 275 (1914); Oerman Pat. 246,442 , 
(1910); Kimstat. 2, :J35 (1912). 
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Methylaniline and Methyldiphenylamine. On heating with 
formaldehyde and hydrochloric acid, resins are formed which 
have been recommended as copal substitutes and for the pro- 
duction of sealing-wax.^ 

Benzylaniline, 

.Cells . 

When 9 parts of this substance are heated for 1 liour with 
10 parts of 40 per cent formaldehyde, 20 ]mrts of water and 
1 part of hydrochloric acid, they yield a brittle, brownish 
yellow, transparent resin, soluble in the cold in benzene and 
in trichlorethylene and on heating with turpentine oil. Organic 
acids or alkalies are unsuitable as condensing agents. The resin 
which is produced is considered to be a diphenylmethane 
derivative.- 

Ali'pJmtic Ainines. A resinous material, which is probably 
the polymer of an oily condensation j)roduct from aliphatic 
amines and formaldehyde, is obtained by the action of alkyl 
halides on hexamethylenetetramine. ^ The addition product 
which is first formed is hydrolysed, forming formakkdiyde and 
alkylamine-halogen hydrates, condensed to trialkyltrimethyl- 
enetriaminehalog(m hydrates, which are decomposed with alkali 
hydroxide, so obtaining the free bases, which are finally con- 
verted into resin by treatment with steam and distillation. 
Both the final products and the oily basics themselves are alleged 
to be used as accelerators for the vulcanization of rubber. 

Urea-formaldehyde Condensation Products. Urea, or car> 
bamide, 

, H2N.co.NH2 

the di amide of carbonic acid, reacts with formaldehyde in 
many directions by which technically valuable products can 
be obtained, with elimination of water. By recent processes, 
water-clear, viscous solutions have been obtained as inter- 
mediate products, known as ‘‘ Schellan ” solutions, which are 

i C. (Goldschmidt, Chem.-Ztg. 2V, 33. 444; C. (1905), I, 571, 1516. 

^ Herzog, Ofiierr. Chem.-Ztg., 24, 16, 28; C\(]921), II, 855; IV, 44. 

® Naugatuck Chom. Comyjany, M. G. Shepard, H. S. Adams. U.S. Pat. 

*1,471,21.3; British l*at. 207,499; Canadian Pat. 242,445; C. (1926), II, 2600; 
Gorman Pat. 448,697; C. (1928), 1, 2237. * 
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intended for use as adhesives. Further condensation leads to 
products such as “ Pollopas,” which is a glassy material of 
exceptionally valuable properties, and which represents an 
‘‘ aminoplast,”^ which shows certain analogies to the “ pheno- 
plasts ’’ or resites. Similar condensation products have been 
recomm mded for Jbhe production of varnishes, meerschaum 
substitutes, and other plastic masses. These products have 
attracted so much interest that we have thought it advisable 
to devotee a special section to their consideration in a later 
chapter : the fundamental reactions only will be discussed here. 

The condensation between formaldehyde and urea is greatly 
influenc(^d both by the character of the condensing agent, ^ 
and by the proportions in which the two ingredients are 
caused to interact.® 

In acid solution (H(-I), formaldehyde and un'a, in the pro- 
portions of about 1 molecule and less of the former to 1 mole- 
cule of the latter, form mothylene-ur<ia 


CO 


N 


or C’O ' 


xVH 

NH 


>VH.^ 


Methylen('-urea, which must b(^ considered to be a polymer, 

(C,H,(m,),. 

is an amor})h()us powder, only slightly soluble in water, which 
is reconverted into formaldehyde and urea by niimu-al acids. 
The atomic configuration w hich must be assumed in methylene- 
urea, 

CO 


is analogous to that found in the methyleiu^-ketoiu^s, 


VO vu , 


‘ Tliiw t'xprt'ssion wks coinod by O. Maiifrod and tLObrist. Koiloidzeitm'hr,, 
42^ 175 (T927). “ Crysia] ” is anotlior material similar to PolIo])as; sf^e H. 
BartlnSlomy, Chtmic vt Industrie, 16, H(>7 (1926). 

® Goldsfhmidt, Chcm.-Ztg., 2U 460, 58(i (1897). 

3 J)ixon, Trans. Chc?n. iSor., I l,:i, (1918); M. van Laer, (1923), 1, 901. 

■* Liuly, Monatsheftv f. Chvm. 10, 297 (iS89)i von Heininelrneyer, Monatshefte 
f. diem., 72, 94 (1891); Tlioms, (1897). If, 145, 737; Lilterseheid, Ann.,* 
316, 180 (1901); Oixori, hr. ni. 
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which, as already mentioned, is characterized by exceptional 
polymerizing capacity (page 105). If an excess of formaldehyde 
is employed for the condensation in acid solution, a product 
is obtained of the composition 

as a dense, white, granular precipitate,^ which is completely 
insoluble, and is decomposed by strong acids, but unattacked 
by alkalies. According to Dixon,- this is the only product 
which is obtained if the proportion of formaldehyde is from 
1*5 to slightly more than 2 molecules. Higher proportions of 
formaldehyde diminish the yield, which is already very small 
if 4 molecules are present. The product then obtained has the 
composition, 

In the presence of 11 molecules no condensation occurs. 

In the presence of barium hydroxide, Einhorn and Hamburger 
obtained crystalline mono- and di-methylolurea.^ 

A 37*4 per cent formaldehyde solution is allowed to drop 
into a solution of urea and barium hydroxide in water, with 
ice cooling, and as soon as the formaldehyde has completely 
disappeared carbon dioxide is led in, in order to remove the 
barium hydroxide. The isolated methylolurea, 

. CO . NH . CH.^ . OH 

is obtained from alcohol in prisms of melting point 111^ 

It is easily sohible in water and in methyl alcohol, but insoluble 
in ether. On adding dilute acids or acetic acid an amorphous 
precipitate is immediately obtained. 

Dimethylolurea . (X)(NH . CHg . 0H)2. This is obtained by 


1 Carl Goldschmidt, Ber., 2438 (1896); (/., (1897), JI, 194, 736. 

2 Loc. cit . ; C. Ellis, Synthetic Resins, p. 239 rt seq, 

^ Ber.y 41, 27 (1908); Ann., 361, 131 (1908^; compare Bcilstoin, HI, 69; 
SCO also Boilstein on condensat ion products of oily and of crystalline character 
from methylurothauo and formaldehydi', and from urcu, formaldehyde and 
large proportions of organic? bases. t 
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adding urea to a solution of barium hydroxide in 37*4 per 
cent formaldehyde solution at 25° C., and removing the barium 
hydroxide by passing in carbon dioxide as soon as all the 
formaldehyde has disappeared. The product crystallizes from 
absolute alcohol in prisms, and from dilute alcohol or water 
in small plates, sinters at 121° C., and melts at 126° C. to a 
liquid which resolidifies at 137-138° C. with liberation of water 
and formaldehyde, to form an amorphous substance which 
decomposes, without melting, at about 260° C. 

Di methyl olurea is fairly easily soluble in cold water, warm 
ethyl and methyl alcohols, but otherwise insoluble. On heat- 
ing it in a test-tube, a smell of formaldehyde and of basic 
de(j()my)osition products can be observed. Tollens’ silver solu- 
tion is only reduc‘>ed after some time. By the action of alkalies 
amorphous condensation products are ])roduced. According to 
Dixon tlie compound, 

( H j„N , ( >3 (s< ‘( * a I )( ) v(* ) 

is j)roduced eitlKu* by heating the product oi* by treating its 
solution with dilute hydrochloric acid. 

In alkaline solution and in presence of an exc(‘ss of form- 
aldehyde, urea forms an amorphous pj’ccipitate, which is solu- 
ble in hot water with jiart-ial decomf)osition and is insoluble in 
alcohol, ether and cold wattu'.^ Tt ap])ears to vary greatly in 
composition, according to the alkalinity of the solution in 
which it is produced.^ 

From formaldehyde and urea- in neutral solution, Gold- 
schmidt'* obtained both dimethylolurea and a compound, 

cv,iri..Ni(L 

insolubles in water. From neutralized solutions of correspond- 
ing prof)orti()ns of un^a and formaldehyde, Dixon ^ obtained 
mono- and di-methylolurea, after allowing to stand for 1 to 
2 days! 

* ’JU 4au (JS07); (joriiiaii Pat. 97,J<i4; (\ (1898), 
JI, 523. « 

2 Einhorn, Hornbiirgor, Bvr., 4h 24 (1998). 

» C. (1897), iJ, 194, 7;;7. 

Trann. Chem. ^oc., 113, 240 (1918). 
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On heating neutral aqueous solutions of urea and formalde- 
hyde coagulated masses separate, resembling albumen in ap- 
pearance, the formation and composition of which have been 
investigated by van Laer.^ He found that if the components 
are present in the ratio of 1:1, interaction occurs between 
5 molecules urea and 7 molecules formaldehyde. The formula 
of the product is 

^ 12ll20^1oll5 

If the proportion of formaldehyde is doubled, so that the com- 
ponents are present in the ratio 1 : 2, then 3 molecules of urea 
interact with 7 molecules formaldehyde, and the composition 
of the product is 

Finally, if an excess of formaldehyde is used, 3 molecules of 
urea interact with 11 molecules of formaldehyde, forming a 
substance (\ 4 HtoN(;() 7 . All the products must be considered 
to be polymers of the simplest empirical formulae given above. 
The two last-mentioiK^l com])ounds slowly eliminate formalde- 
hyde on boiling with water. 

As is shown by the above facts, the redaction between urea 
and formaldehyde varies with the acid, alkaline or neutral 
solution in which it occurs. In all cases there is ample oppor- 
tunity for the formation of mixtur(‘.s and, th(*refore, for resin 
formation. 

By careful operation in alkaline or niuitral solution the reac- 
tion can be interrupted at such a stage that methylol- or 
dimethylol-urea arc obtained as pure crystalline solids which 
show no tendency to polymerization, but which are capable of 
further condensation . 

In acid solution or on heating, the linkage 

-CO . N (Ulo 

which is the medium of considerable polymerization, appears 
to be formed. Obviously, the reaction cannot proceed to the 
formation of the complex 

CH, N.CO.N-CH2 

1 Hull. Hoc. Chim. Bchjiquc. 2H, :)S1 (1919); C. (192:^^ 1, 902. 
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as is shown, for example, by Goldschmidt’s reaction, with an 
excess of formaldehyde, in which the product has the composi- 
tion 

and in which 2 molecules of urea are condensed with 3 mole- 
cules of formaldehyde. This follows from the behaviour of 
dimethylolurea on heating and on prolonged treatment of its 
solution with dilute hydrochloric acid, by which means water 
and formaldehyde are liberatcid with formation of Goldschmidt’s 
compound or of similar products. It may be concluded that 
the presence of at least one free hydrogen atom in the second 
amino group is necessary in ordt^r that the group, 

(H).N 

shoTild be abk^ to exercise its polymerizing tendency, that is, 
that the resiiiophoric or polymerizable group may perhaps have 
the following strin^t urt* — 

N- (’(OH) X.H 

Ketone-formaldehyde Condensation Products. According to 
the investigations of B. Tollens and his ])upils,^ formaldehyde 
reacts with aliphatic aldehydes and ketones in presence of lime 
or baryta and water, in such a manner* that the hydrogen 
atoms attached to tlie (uirbon atoms adjoining the carbonyl 
group are all ultimately replaced by the group 

(^H,. OH 

formaldehyde reacting as though it were methylene glycol, 

(’H,(OH), 

The carbonyl grouj) is then reduced to a primary or secondary 
alcoholic group. It has only been found possible to isolate the 
poly alcohols so obtained from ketones in the form of their 
lactones or anhydrides. Thus, for example, the anhydride of 
enneafcbeptite is 'obtained from acetones. ^ 

CHg . CO . • - -V ((-H, . 0H)3C . CH(OH) . (’{CH.,()H)3 

* Ahn., ;H0 (1S9I); 27(k H'2 (IHDM); 2<SfK 39, 49 (IS99); Her., 36, 1341 
1003). • • 

3 M. n. 'i’olh'iis, Ann., 2H9. 46 (1899). 
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The following reaction of a diketone, which occurs in presence 
of diethylamine or piperidine, and which leads to the forma- 
tion of a tetrakone, is of interest.* 


CH,0 I 20H, 


.CO . VH, 
CO . CH, 


(^3 . CO. 

CH3. (T)- 


(^H (m, CH 


CO . 
CO . 


CII3 

CH, 


l-H^O 


By using weak alkalies, such as magnesium hydroxide, borax, 
sodium phosphate, sodium or potassium carbonate, and so 
forth, or a small proportion of caustic alkali, kelobutanol, 


CH3.CO.CH3 CW^.OH 

was obtained from equimolocular proportions of formaldehyde 
and acetone; this is a liquid, boiling point IIO'^C., miscible 
with alcohol and ether, but which thickens ami ])ecomcs insolu- 
ble on prolonged standing.- 

By heating ketobutanol for a short period with caustic 
alkalies, C. Ellis*'* obtained an insoluble, infusible ])roduct, which 
is proposed as an amber substitute^. The liquid ketone-alcohol 
may also be mixed with fillers, such as asbestos, mica, zinc 
oxide, sawdust, and so forth, and then heated in moulds to 
form moulded solids. 

When equi molecular proportions of formaldcdiyde and acetone 
are condensed in the presence of a large pro]jortion of alkali, 
a complet(dy amorphous substance is obtained, of the empirical 
formula, 

which was first discovered by Alphonse Werner,^ and was 
recentl^V* hirther investigated by Arno Muller,^ who determined 
its molecular weight in ghuaal ac(‘tic acid solution and so 
arrived at the formula, 


^ M. Sclioltz, Ber,, 30, 2290 (1S97); E. KiiO'‘voriagel, W. Buschliaupt, Ber., 
3i, 1025 (1S98). 

C. (1910), II, 347, 1421; (lonnau Cat. 223,207, 227,177 (1910); U.S. Pat. 
981,669, 991,734-5 (1911); soe also F.S. Pats. 981,668,989,993(1911). These 
patents also deal with the hoTiiologiies. , 

« U.S. Pat. 1,557,571 (1922); (1926), 1, 1723; Kunstst,, 76, 116 (1926). 

• ^ Proc. Chein. Bor., 20, 196 (1904); (\ (1905). 1, 221. 

■* , 5 -/, 1 142 ( 1921 ). ’ ^ 
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According to its composition, this substance might be sup- 
posed to be a polymerized methyleneacetonc, but the inter- 
mediate product which should then bo produced, monomeric 
methyleneacetonc , 

CH., CH . (JO . CHa 

has never been isolatc^d. From the behaviour of the amorphous 
substance to bromine and permanganate, Werner concludes 
that it cannot possibly be unsaturated. Miiller confirmed this 
view, and also foimd that the oxyg(m atom had lost all its 
activity for reagents for ketones. It was also found to be 
easily nitratable. 

On attacking the substance with ])ermanganate in alkaline 
solution a mixture of fatty acids and of carbon dioxide was 
obtained, from which Miiller concludes that ketobutanol is 
first fornuHl — 

CHj, . (’<) . (Uf, I H . ('HO ^ H2(‘(<>H) . ('H2 . VO . (JII3 
which then liberates watxT and is transformed as follows — 

, ('K.. ('H- CH (’Hg 

•JC'H^iOH) . ('H., .('(). ('H., I “ (> 0 I f 2 H 2 () 

' ('H2 ('H ('H ('Hg 

According to Miiller, the resin is obtained by mixing Tfigrm. of 
40 per cent formald(4iyde wiOi (K) grin, acetone and pouring 
the mixtun^ rajiidly into a mixture of 5()c.e., 30 per cent 
caustic soda solution, and 200 c.c., 96 per cent alcohol. Any 
heat of reaction is supjiressed by (‘ooling. After standing 
for 36 hours tin* n^ddish-brown reaction product is poured into 
2 litres of water. The reddish-brown substance which is 
precipitated is filtenni on a Buchner funnel, washed with water 
and dried on a porous tile. The yield is 60 to 60 grm. 

The crude jiroduct has a definite smell of hexenone, especially 
when moist, whicli can be removed by treating the dried product 
with alcohol. Jt is purified by recrystallization from ethyl or 
methyl alcohol, the product so obtained having a micro- 
crystalline structure. The purified product has a slightly yellow- 
orange colour and i^♦ tasteless and odourless when dry. It is 
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remarkable that on boiling with water, the smell of hexenone, 
to which reference has already been made, reappears.^ 

The product of the condensation is soluble in ethyl and 
methyl alcohols, acetone and benzene, less soluble in ether, 
almost insoluble in ligroin, water and dilute caustic alkali, 
but comparatively easily soluble in glacial^ acetic acnd. On 
heating in a test-tube the product swells, carbonizes and gives 
a smell of burning, whilst small, dark brown drops of oil con- 
dense on the sides of the tube and are also oa rbonized if quickly 
heated. By the Beckmann freezing-j)oint method in glacial 
acetic acid the purified product shows a molecular weight of 
121'5. Theory for (VT1^2^^2 ~ 

It is interesting to note that A. Wohl and A. Prill- suceeed('d 
in obtaining niethyUmeacetone, 

(’H . (M) . ( Hj, 

by distilling ketobutanol with the addition of zinc chloride. 
When this product was distilled without zinc chlorid(‘ a yellow 
viscous residue was obtained, which was probably a dimethylol- 
acotone, in which 2 hydroxyl groups could be identified by 
acetylation, although the ketonic group could not be identified. 

The condensation products obtaim'd uiuUu* alkaline condi- 
tions have often been f)ro posed as resin substitutes, or for the 


^ It is possi>)lo tliat an a<l(litjvi' action oc(*iirs .similar lo that winch must be 
assumed for the fonnation of diacetone-alcohol from aoetono under the 
intliiencc of alkali. Tlu^ product so formed (1), would then be cajiablo of 
transformation into a cyclic compound (11), winch is no longer a ketono, aiid 
woiihl yi(*ld a cyclohexcnonc derivative on hydrolysis. 


rH., 

I 

noH) 

yx 

cn, (H^ 

I I 

CH2(0H)(Y) 

/ 

CIU 


VH, 

j 

c - 

y\ 

(TU OH 

I ‘II 

i u., vnn\) 

\ / 

OH 




II 


(Vb,(b 


() 


, 2 Ann., 440, 139 (1924); (\ (1925), T, 651 ; seo also Bayer & Co . Cennan 
Pat. 222,551. * 
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preparation of plastic masses.^ For the latter purpose they 
possess the useful characteristic, particularly if prepared from 
more than 1 molecule of formaldehyde per molecule of acetone, 
that they are convertible into an insoluble condition by heating. 

Thus, from 1 molecule formaldehyde and 1 molecule acetone, 
in presence of alkaline condensing agents, soluble synthetic 
resin gels, or synthetic resin solutions, are obtained*'^ by adding 
about O-Ol molecule sodium hydroxide at 15° C. and distilling 
off the excess of acetone after completion of the reaction, leav- 
ing the soluble gel in the residue. If a solvent is added to the 
mixture before the reaction, such as alcohol or methylethyl- 
ketonc, the reaction must be assisted by increasing the propor- 
tion of condensing agent, or by warming. In this case, also, 
a soluble resin-gel is obtained. Resin solutions are obtained 
directly if very minute quantities of condensing agent only 
are employed (() 0()3 molecules sodium hydroxide), and if these 
are added during a prolonged period, for example, 7 times in 
7 days, to an equimolecular mixture of acetone and formalde- 
hyde. The products are used more particularly for varnishes. 

Plauson^ obtains an artificial wood-like product by causing 
equimolecular quantities of acetone and formaldehyde to inter- 
act in presence of fillers, such as wood-meal, mineral powders, 
and so fgrth, bj’^ the use of alkaline condensing agents, such as 
alkalies, ammonia, alkali carbonates and sulphides ; the reac- 
tion may be carried out under pressure. After freeing from 
alkali, acetone, and so forth, and drying, the product can be 
moulded at pressures of 150-200 atmospheres and tempera- 
tures of 120-200° C. to form solid bodies, which are unattacked 
by alkalies, acids, and almost all organic solvents, arid which 
possess good insulating properties. Plauson adds that such 
substances as shellac, cellulose esters, oils, waxes, phenol- 
aldehyde rosins, soluble in acetone, and so forth, may be added. 

^ patent sluni-mry ))y Aladm, Kunstst., 18, 14 (1928). On the use of 
the iodiaied products as disinfectant powders, see Hertkoni, U.S. Pat. 901,709 
(1908); (^. Ellis, Synthetic itesins, pp. 224 et se.q. 

* W. Traxl, Chein. Institute, Dr. K. Stockert and Dr. W. Traxl, Austrian 
Pats. 96,433 (1919); 98,669 (1920); (1925), I, 2A12 : Kun^tst., 15, 184(1925). 

Mlerman Pat. 337,960 (1922); U.S. Pat. 1,397,144 (1921); O. (1922), II, 
539; British Pat. 166,137 (1920); C. (1921), IT, 673; French Pat. 529,783; 
Kunstst., 12, 47 (1922). 
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Moreover, the formaldehyde may be replaced by hexamethylene- 
tetramine, or by acetaldehyde, although the latter produces 
products which resinify with less facility. 

A white, insoluble synthetic resin is obtained^ if one mole- 
cule of a ketone is caused to interact with six molecules of 
formaldehyde, or the corresponding quanMty of paraform- 
aldehyde or hexamethylenetetramine, in the presence of alkalis 
or of other substances of alkaline reaction. From acetone and 
formaldehyde a white, tasteless and odourless powder is so 
obtained, of the formula 

of infusible character, insoluble in organic solvents, which is 
unattacked by acids and alkalies and burns with extreme diffi- 
culty. Its insulating power is very high. 

C. Ellis*^ first points out that the use as condensing agents 
of alkali carbonates or mixtures of disodium phosphate with 
a small amount of sodium hydroxide is preferable to that of 
strong alkalies, as the use of the latter leads to the ]>ro(luction 
of dark red or brownish resinous masses, which are also very 
brittle. Ho obtains plastic masses from aliphatic ketones and 
formaldehyde, by first i)roducing a soluble intermediate pro- 
duct which is then, with or without the addition of a catalyst 
and of further formaldehyde, converted into a mass which 
rapidly changes into the insoluble state on heating. The 
product obtained from 1 molecule acetone and about 2 mole- 
cules of aqueous formaldehyde, in presence of 25 per cent of 
sodium carbonate, calculated on the weight of the acetone, by 
gentle warming, initially to 50-60® C. and afterwards to 90- 
110® C., is soluble in alcohol and in a mixture of alcohol and 
benzene. The solution in methyl alcohol, to which the usual 
filling agents may be added, is carefully treated with alcoholic 
potassium hydroxide solution, with cooling, is then evaporated 
to dryness in a vacuum and hardened as rapidly as possible in 
suitable moulds under pressure at about 166® C. Insoluble and 

^ Plausons Forscliungsiustitiit m. b. H., (jlerman Pat. .351,349 (1920); 
Kunatat., 12, 133 (1922); C. (1922), IV, 25.3. » 

* U.S, Pat. 1,614,508-9 (1922): (1925), T, 1 138; sc>e also C. Kllis, Synthetic 

220; U.S. Pat. 1,482,929 ( 1921 ); t'. (1925), 1, 907 ; U.S. Pat. 1,502,946 
(1922); C. (1926) I 908. 

12H5647) 
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infusible horny masses are obtained, resembling tortoise-shell 
or bone. In order to produce light coloured, ivory-like products, 
a mixture of acetone, paraformaldehyde and aqueous sodium 
phosphate solution is gently warmed, the aqueous layer 
rejected, and the remainder dried in a vacuum at 70-80° C. 
The thick, water-elear syrup which is so obtained, is then care- 
fully treated, with cooling, with concentrated aqueous potassium 
hydroxide solution, poured into moulds, allowed to stand in 
these for some time, and then heated to 120° C. for about an 
hour. White pigments, blanc fixe, magnesia, asbestos, and so 
forth, may be added to the soluble intermediate product as 
fillers and in order to modify the colour. 

Synthetic resins, soluble in various solvents, are obtained^ 
if the condensation between aldehydes and ketones is caused 
to take })lace in the presence of colophony, terpene hydro- 
carbons, or di-olefines, by means of alkalies, alkali sulphides or 
alkali carbonates, to which small amounts of salts containing 
much carbon dioxide may be added, and the products of con- 
densation may be finally heated to 2()0--300° (I In order to 
obtain synthetic resins soluble in oil, small amounts of phenol 
esters, linseed oil, and similar oils are added ; siccatives may be 
added in addition. The degree of solubility of the synthetic 
resins depends on the duration of the condensation process, 
on the temperature which is maintained and the character 
of the alkali which is used, and the same applies to the hard- 
ness. Those products which melt at high temperatures are 
completely soluble in chloroform and dichlorhydrin only, par- 
tially soluble in alcohol and acetone and insoluble in benzene. 
In the examples given, the ketones used comprise acetone and 
methylethyl-ketones, and the aldehydes, formaldehyde, fur- 
furol and paraldehyde. 

As the above information shows, acetone is a substance 
which forms resins with the greatest facility with formaldehyde 
in alkaline solution. On the other hand, according to the 
investigations of C. Ellis,*'^ methylethyl ketone appears to be 

^ Plaiison's Forsclniiigsiusiitut (J. in. b. H. (ifirman Pat. 389,241 (1920); 
C. (1924), 1, 14. 71 (1924). 

Synthetic p. 227. 
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less suitable. Cyclohexanones and fatty aromatic ketones have, 
however, been recommended as suitable for the production of 
synthetic resins. 

Cyclohexanone reacts with equimolccular proportions of form- 
aldehyde in the presence of acids (sulphuric acid) or alkalies 
(caustic soda) on heating, to form a resin, •which is washed, 
dried and heated to 130-135*^ C. until a sample becomes hard 
and transparent on cooling.^ The product is easily soluble in 
alcohol, ether, acetone, chloroform, amyl acetate, benzene, 
toluene and cyclohexanone. The resin forms colourless var- 
nishes which give very lustrous, very clear and completely 
odourless coats which are satisfactorily fast to light. According 
to C. Ellis, especially colourless resins are obtained if mild 
alkalies and anhydrous formaldehyde are -used. The resin from 
cyclohexanone becomes insoluble on continued heating. In 
place of hexanone, methycyclohexanone may be used for the 
condensation,*^ As both materials are products of the reduc- 
tion of phenol, the production of resins by these methods 
appears to be a practicable proceeding. 

Fatty-aromatic ketones, such as acett)phenone, ethylphenyl- 
ketone, methylnaphthylketone, and so forth, vheri treated 
with formaldehyde, or with compounds yielding that sub- 
stance, in the presence of alkaline condensing agents, form 
resin-like substances which are resili(uit, hard and of pale 
colour, do not melt, and which dissolve in aromatic hydro- 
carbons and their halogen derivatives, tetrahydronaphthalene, 
carbon tetrachloride, trichlorethylene, acetone, ethyl acetate, 
cyclohcx^nol and linseed oil. The coatings obtained with such 
solutions are satisfactorily fast to light.® 

Condensation Products from Hydrocarbons with Formalde- 
hyde. The principal hydrocarbons to be considered for the 
production of resins from hydrocarbons and formaldehyde are 

aromatic hydrocarbons, indene or terpene hydrocarbons.^ 

• 

1 Badische Aiiilin- und Soda-Fabrik, Oenrian Pat. .3.39,107 (1918) ; C. (1921 ), 
IV, 714; French Pat. 514,929. 

2 On condensation products from cyolohexanol and formaldehyde in presence 

of alkali hydroxides, see U.S. Pat. 1,557,521 ; (1926), I, 172,3. 

® Aktien-(k?s. fiir Anilin-Fabnkation, Oonnan Pat. 402,996 (1921); C. 
(t926), I, .308; Kunstst., U, 84 (1925). • 

* See patent summary by Aladm, KutiHist,, 17 1 282 (1927^. 
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Aliphatic aldehydes, or preferably their substitution pro- 
ducts, such as chloral, their polymerized derivatives or acetals, 
condense very smoothly, even at the ordinary temperature, 
with aromatic hydrocarbons and their substitution products, 
the solvent employed being usually glacial acetic acid, and 
the condensing agent, concentrated or fuming sulphuric acid.^ 
The reaction proceeds as follows — ^ 

Hcmo I 2 c„H 5 . CH3 i 

I’araforiiialdeljydo Diiolylm(^t}iaiio 


Formaldehyde combines with a whole series of unsaturated 
terpene hydrocarhom, in 20 to 30 per cent of sulphuric acid, or 
in glacial acetic acid containing 10 per cent of sulphuric acid. 
The products obtained are either primary alcohols, or more 
frequently, glycol-methylene ethers or glycol acetates, which 
form glycol on saponification.® Thus, styrol forms phenyl- 
propyl glycols, as follows^ — 


CU VU., CH* 

CeHfi. I -> O CH2 or CULO 

II II 

CH2 () 0 CH, 

I I 

. CH(()H) . CH2 . VH., OH . OH)* 


The two types of reaction illustrated above probably repre- 
sent the main outlines of these condensations. It may be 
anticipated tJwit in presence of an excess of formaldehyde this 
takes part in various further reactions with the primary con- 
densates, by which means all the conditions for the produc- 
tion of resinous products are fulfilled. In the reaction of indene 
with formaldehyde it must be assumed that the attack takes 

* J. Houlxm, Die Methoden der organische.n Chemiey II, 861 (1925); on 
colour reactions of formaldehyde with naphthalene, fluorene, etc., in presence 
of concehtrated sulphuric acid, see H. Ditz, Chem, ZUj.y Sly 445, 486 (1907); 
who also refers to the earlier literature. 

a A. Baeyer, Ber.y ,5, 1098 (1872); 223 (1873); 7. 1190 (1874); O. Zeidler, 

Ber.y 7y 1180 (1874); O. Fiscl>or Ber.y 7, 1191 (1874); O. Fischer, J. prakt. 
Chem. (2), 7.9, 557 (1909). 

* J. Houben, loc. cit.y JI, 1010. ^ 

* See B. Prins, (1918), I, 163; (1919), III, 1001 ; (1920), I, 423. 
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place at the methylene group,' thus affording the possibility 
for the development of a highly polymerized system. 

The most important group of these resins is that comprising 
the condensation products from naphthalene and formalde- 
hyde, which are generally soluble in hydrocarbons, chlorinated 
hydrocarbons and carbon disulphide, and more or less slightly 
soluble in alcohol, acetone, and so forth. The course of the 
reaction and character of the products are dependent on the 
nature of the components, the character and concentration of 
the condensing agent and the temperature and duration of 
the reaction.*^ 

Information regarding the production of these resins on a 
technical scale is supplied by the investigations of P. Folchi, 
who recommends the following procedure — 

100 grm. finely-ground naphthalene are mixed with SOc.c., 
30 per cent formaldehyde solution, and 100 c.c. sulphuric acid 
of 66° Be, are then added in small portions with continuous 
stirring or shaking. The mass is then warmed on the water- 
bath under reflux at 80° C. for 1| to 2 hours, with occasional 
stirring. A semi-solid, granular or solid mass is thus obtained, 
which is washed twice with hot water, then with ammonia 
or caustic soda solution in order to remove traces of acid, and, 
finally, again with hot water. The product is dried at about 
80° C. for 4 to 5 hours. In order to produce varnishes it is 
melted with a little turpentine, which causes the separation 
of an aqueous acid layer (which must be removed) ; the remain- 
der, which may consist of a granular mass, is stirred with 
purified solvent naphtha and warmed. The highest possible 
yield, about 100 to 110 per cent of the naphthalene, is only 
attainable with the above concentration of sulphuric acid, 
with pure naphthalene and with the above quantities. A 
higher reaction temperature than 80-90° C. would cause risk 
of partial carbonization and lead to harder, products. It is 
especially important to wash free from acid, as the ma'fes does 
not dry in presence of acid. A batch was prepared as follows 

^ Compare tJie reaction witli bonzaldehyde# which leads to a lx:*rizylidene 
indene; J. Thiele, A. Buhner, Ann., 347, 265 (1908); W. Wisliconus, W. 
Hentrick, Ann., 436, 11 (1924). 

* M. Folchi, Chem. Ztg., 46. 714 (1922). 
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with acid of f>0° Be. : lOOgrni. nax)hthalene, 80 grm. 40 per 
cent formaldehyde solution, and 120 grm. sulphuric acid were 
heated for 3 hours to 90-95"" C. In this way a yield of only 
80 to 90 per cent of the naphthalene was obtained. 

Already in 1907, the Badische Anilin- und Soda-Fabrik^ 
described the prc^uction of such resinous products, by the 
interaction of more than J molecule formaldehyde with 1 mole- 
cule naphthalene in presence of sulphuric acid. The resins 
proved suitable for the production of varnishes, sealing-wax, 
waterproof fabrics, ^ and so forth. They are soluble in benzene, 
toluene, xylene, naphtha and chlorobenzene, and insoluble in 
water, alcohol, turpentine oil and linseed oil. For example, 
100 parts of powdered naphthalene were added with stirring to 
a mixture of 80 parts 30 per cent formaldehyde solution with 
100 to 115 x)arts sulphuric acid of 66° Be, and the tempera- 
ture raised to 100° C. and maintained at that level, by cooling 
if necessary. The thick mass obtained after l-| hours was 
treated with hot water, allow’ed to set and washed with water 
to remove the acid, it is purified, for example, by dissolving 
in benzene and precipitating any unchanged na])hthalene with 
a small quantity of alcohol. The ])roduct is a yellow-brown 
vitreous mass. 

Examjiles arc also given in which larger proportions of form- 
aldehyde and sulphuric acid are used. Similar products are 
produced by Bayard de la Vingtrie,'^ which are intended to 
replace rublx^r for the production of ebonite. 

A further process is described by Bayer & Co.,^ and is thereby 
characterized that the concentration of the sulphuric acid in 
the reaction mixture is not over 60 i)er cent. The products 
which are produced arc soluble in acetone, benzene, solvent 


^ T}ie roaction btitweeii iiaphtlialeiie aii<l irw^tliylal, in the prosonce of con- 
coiitrated Hulpliuric acid, w bich results in the format ion of dinaphthylmethane, 
was investipitod by h. (Jrabowsky in 1874 {Her., 7, IbOr)). 

(>c3rmau Pat. 207,743; (\ (1909), I, 1208; U.S. Pat. 898,307 (1908); 
Kunsm,, 2, 95 (1912) ; British Pat. 10,245 (1907) ; French Pat. 336,604 (1908); 
Swiss Pat. 44,096; Kunsm.. 1, 313 (1911); 2, 93 (1912). 
a Gorman Pat. 303,891 (1917,); (\ (1919), IV, 329. 

® Fnmch Pat. 493,569 and patent of addition 22,278; Kututtst, 12j 172 
(1922); C. (1921), IV, 471. 

^ Gorman Pat. ^49,741' (1918); C. (1922), IV, 50. 
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naphtha, carbon tetrachloride and carbon disulphide, and are 
completely colourless resins. Unchanged naphthalene is re- 
moved by steam distillation. The naphthalene may be replaced 
by phenanthrene, anthracene, benzene or xylene. 

More recent processes are concerned with the reduction of 
the quantity of contact agent. Thus, condensation is effected 
by heating under pressure, in presence of extremely small quan- 
tities of dehydrating contact agents, with or without stirring ; 
or mixtures of more than one contact agent, or of such con- 
tact agents with weak contact agents or with inert materials 
are employed.^ Suitable contact agents are, for example, 

H.^S()4, CaClj, ZnCIg, MgSO^ 

and suitable hydrocarbons are benzene, naphthalene, phen- 
anthrene, anthracene and their homologues and reduction 
products, whilst suitable aldehydes are those of both the 
aliphatic and the aromatic series. According to another pro- 
cess,^ aromatic hydrocarbons and their derivatives, with the 
exception of those containing acid or basic groups, are heated 
without the application of pressure with aldehydes or sub- 
stances which liberate aldehydes, in the presence of such 
limited quantities of phosphoric acid or of halogen hydride, 
and conveniently in the presence of solvents such as glacial 
acetic acid, that products soluble in linseed oil are obtained. 
The products, which are soluble in hydrocarbons, linseed oil, 
varnish oil and turpentine oil, are intended for use in the 
production of varnishes. 

Resin-like materials of similar properties have also been 
obtained from formaldehyde or aldehydes in general, and the 
halogen or other addition products of anthracene and phenan- 
threne, ^ from formaldehyde and halogenated nai)hthalene^ 

^ Chornische Fabrik(;n, Dr. Kurt Allx^rt (J. m. b. H-y^kirman Pat. 387,836 
(1918); C, (1924), IJ, 549; Kunstst.. 74, 139 (1924). 

® Farbwerko vorrn. Moister, Ducius & Briinmg, German Pat. 403,264 (1919); 
C. (1925), I, 307; Kunsm., 15. 84 (1925). 

® German Pat. 420,443 (1922) of Bakclite Goaellscliaft m. b. H. ; C. (1926), 

I, 2253. 

* ^ German Pat. 332,334 (1918) of Akt.-Ges. f. Anilin-Fabrikation ; C. (1921), 

II, 652 ; Kurnm . , 7 /, 94 ( 1 92 1 ). • 
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(which are soluble in fatty oils and in turpentine oil), and from 
formaldehyde and the hydrogenation products of naphthalene, 
the products being soluble in linseed oil and turpentine oil.^ 

Ilesin-like condensation products have also been obtained 
from formaldehyde with terpene hydrocarbons and with 
indene. 

G. Orloff^ obtained a brownish-red resin, which was partially 
soluble in alcohol, benzene, toluene, glacial acetic acid and 
ether, from 100 parts turpentine oil, 200 ])arts sulphuric acid 
of 66° Be, and 55 to 6() parts of 40 yier cent formaldehyde 
solution, by maintaining certain conditions of reaction. After 
decanting the molten mass and heating this to 290° C., a 
brownish-black hard resin was obtained, soluble in benzene, 
toluene, glacial acetic acid and ethyl acetate, but only partially 
soluble in alcohol and petroleum ether. 

The formation of resins from spruce oil and y)araformalde- 
hyde under the influence of concentrated hydrochloric acid 
was investigated by C. Ellis.^ 

To produce the indene-formaldehyde condensation product,^ 
100 parts of indene and 100 parts of 30 per cent formaldehyde 
solution are mixed with 5 to 10 parts concentrated hydro- 
chloric acid and boiled for 5 hours under reflux until the indene 
has disappeared and a thick, clear oil has separated at the 
bottom of the liquid. This is drawn off, washed with sodium 
Carbonate solution and dried. It is viscous in the cold, limpid 
when warm, and dries in the air to a solid film which may be 
employed as a linseed oil substitute. 

When considering the various condensations with formalde- 
hyde described in this section, it must be rememberSd that 
such substances as crude naphthalene.^ turpentine oil,® and 
indene are condensed or polymerized with formation of resinoid 

^ Akt.-Uos. f. Anilin-Fabrikation, Uonnan Pat. 1^05.575 (]917); C. (1921), 
II, 607; Kwistst.y 7/, 29 (1921); Tetralin (». in. b, H., (Jorinan Pat. .333,060 
(1918); Kunsm.s lU 91 (1921). 

a German Pat. 191,011 (1906); Angew., 2/, 229 (1908). 

® Synthetic lienina, 342. 

M. CloawB, Gorman Pat. 310,783 (1918); Kunstst., .9, 329 (1919); C. (1920), 
II, 38. 

* Weissgorbor. Krubor, Her., 53, 1551 (1920). 

* Reynaud, French Pat. 419,860; Knnstst,y /, 156(^911); German Pats. « 
262,093. 267,476. ^ 
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products, by concentrated sulphuric acid alone. These reac- 
tions will, therefore, accompany the actual formaldehyde con- 
densation to a variable degree, depending on the conditions of 
reaction. 

Products from Formiddehyde with Various other Substances. 

Lactic Acid. Zimmermann' heats lactic acMi for a long period 
in a vacuum, gradually raising the temperature from 100- 
200° C. On condensing the product with formaldehyde or para- 
aldehyde an odourless resin is obtained, the colour of which 
is from light yellow almost to black, according to the purity 
of the lactic acid employed ; this resin is soluble in chloroform 
and glacial acetic acid, less soluble in benzene, and insoluble 
in ether and alcohol. On the methylenelactic acid obtained 
from formaldehyde and lactic acid, see page 204. 

Ammonium Sulphide. According to H. Dieser,- resinous 
products are obtained by the action of formaldehyde on 
ammonium sulphide, which may be utilized either alone or in 
suitable solvents, such as tetrachlorethane, pentachlorethane, 
chloroform, and so forth. These resins are very stable to 
alkalies, and are recommended for the production of coatings 
for electric conducting wires, for lining vessels, for impregna- 
ting wood, fibres, and so forth. 

Ammonium Sulphocyanide. With formaldehyde this sub- 
stance yields amorphous, yellow masses, which are not very 
stable and practically insoluble, and which possess a very 
unpleasant smell on warming.® 

Aromatic Sulphamides. Colourless, odourless resins, which 
are fast to light and are soluble in acetone and benzene, are 
obtained by heating arylsulphamides and their N-substitution 

1 Gorman Pat. 305,775 (1917); C. (1918), II, 84; Kumtst., H, 274 (1918); 

8 (1919). On the methylonelactic aedd obtainod from formaldehyde and 
lactic acid, 

CH, . CIl . CO 

I I 
o o 

CHg 

see- L. Honry, Ann.^ 292, 31, Note 3 (1896) ;oC. A. Lobry do Bruyn, W. A. 
van Ekenstcin, Rec. trav. chim. Pays -Baa 20, 340 (1901); 21, 316 (1902). 

^ 2 German Pat. 246,038 (1910); Kunatat., 3, 88 (1913). 

* Schmorda, Angeu>., 30, 176 (1917); C. Ellis. Synthetic Raaina, S. 316. 
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products with formaldehyde, either alone or with condensing 
agents.^ 

SuLPHAMiDES OF Tetrahydronaphthalbne. These sub- 
stances and their N-monosubstituted derivatives condense with 
formaldehyde to form resins which are fast to light, which 
are insoluble in alcohol, acetone, cyclohexanol and amyl 
acetate, and which have a higher melting point than the 
products from aromatic sulphamidcs.^ 

CONDENSATES WITH ALDEHYDES OTHER THAN 
FORMALDEHYDE, AND WITH KETONES^ 

The reactions of formaldeliyde are omitted from those of 
aldehydes in general, here to be discussed, as although that 
substance shows the same general behaviour as other alde- 
hydes, it is able to take part in many condensations peculiar 
to itself. For this and other reasons it has already been dis- 
cussed in the preceding paragraj)h. 

The most various substances may })lay the part of the other 
component in condensations with aldehydes, but compared 
with formaldehyde, other aldehydes show a greatly reduced 
reactivity. In most condensations, ketones act in an analogous 
manner to aldehydes, although there are differences regarding 
the resin -forming capabilities of the two classes of condensates. 

Phenol-aldehyde and Phenol-ketone Condensates. According 
to the investigations of A. von Baeyer and his pupils, Jager, 
E. ter Meer, Fabinyi, and Steiner, both aliphatic and aro- 
matic aldehydes and ketones condense with phenols and their 
ethers, for which reactions concentrated sulphuric acid^ glacial 
acetic acid, alkali bisulphatc,^ fuming hydrochloric acid, 

1 Farbworko vorni. M(*istor, Lucius & nriiiung, (Jerman Pat. 359,676; 
C. (1923), II, .340; (k*nruin Pat. ,369,644; C. (192,3), 11, 922. On the use of 
the roHiii obtained by cond('n.satiou of p-loliienosiilphainide* witli formaldeliyde 
as a constituent of ccllulo.se esters, see H. A. Oardner, U.S, Pat. 1,564,664 
(1925); (1926), I, 2266. 

* Farbwerke vorin! Meistcr, Liieius &, Briining, Gennan Pat. 376,473; 
C. (1923)! IV, 600. 

* The products obtained from acetylene in presence of mercury salts as 
catalysts under the infhi(*nce of auxiliary catalysts, also lielong to the class 
of aldehyde condt>nsates ; see , Consort nun fiir elektrochemischo Industrie, 
French Pat. 593,338; Austrian Pat. 103,106; C. (1926), II, 1791. 

* Ber., 5, 26, 280, 109511872); 7, 1197, 1201 (1874), 77, 28.3, 287 (1878). r 

* Akt.-Ges. f. Au*lin-Fabrikation. Gorman Pat. 23,775; Ber., 16, 2541 (1883). 
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hydrochloric acid gas, tin chloride, and other substances may 
be used as condensing agc^nts. The e'thers and esters of phenols 
react with much more (lifficulty than the free phenols,^ a fact 
which is due to the character of the reaction. The final products 
are usually dihydroxydiphenylmethane derivatives of the fol- 
lowing constitution — • 




OH 

OH 


or 


H.R. r< 


C^6H4 


OH 

OH 


These products arc of a homogeneous crystalline character. 

Free phenols apparently always react by first forming com- 
pounds of an acetal character,- a reaction which naturally 
cannot occur with phenol ethers or esters, which accounts for 
the relative difficulty with which these condense. The acetals 
which are first formed are then transformed during the fur- 
ther course of the reaction, more particularly during prolonged 
heating, with migration of the aldehydic residue into the 
nucleus, thus forming isomeric compounds, the above-men- 
tioned dihydroxydiphenylmethane derivatives,® a reaction 
which might obviously occur in stages. For example, the reac- 
tion between n-butyraldehyde and phenol may be supposed to 
pass through the following intermediate stages — 


C 3 H, . CHO + 2 C.H 3 . OH - (’ 3 H,CH<[J ; 

A(;elal 


H,() 


CgHy. CH< 


O . 


-CgH^.OH 


Somi-afctal 


l)iljydroxy<liplieny]-« , «-butane 
(Final product) 


The following substances may also be obtained as reaction 
products, not in large amounts, excepting under special condi- 
tions, but probably always as accompanying impurities — 


C,H, . CHO + C.Hj . 0H=-C3H, . CH -)■ C,H,. CH<Q«y •• 


As long as the reaction has not proceeded to* the formation of 
a uniform final product, this must always consist of a mixture 
1 L. Claisen, Aim., 237, 264 (1887). 

* See L. H. Baekeland, H. L. Bender, J. Ind. Emf. Chem., 17, 225 (1925); 
Kunstst, 15, 135, 176, 216 (1925); 16, 53, 114 (1926)'; Gornberg, J. Am, Chem, 
€oc., 37 2575 (1915); MaeKeiizie, Chem. Soc. Tram, 121, 1695 (1922). 

3 See L. Claisen, Ber., 19, 3317 (1886). 
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of substances similar in character, as the various reactions 
naturally occur simultaneously. From the definition of the 
resinoid state, all the requirements for the production of such 
a state are present. In actual fact, the intermediate products 
are resinous materials, whilst the final product, or the pure 
acetal,^ is always a crystalline substance. 

According to Baekeland and Bender, tlie butyraldehyde- 
phenol cryvstalline final product shows the same molecular 
weight, in benzene, as the resinous intermediate product, which 
was considered to be the semi-acetal, but which is presumbly 
actually a mixture of acetal, semi-acetal, and final product. 
The acetal-like character of the intermediate product is shown 
by the fact that it forms a mono-sodium salt only with sodium 
hydroxide, whereas the crystalline dihydroxydiphenyl-a, a-but- 
ane forms a di-sodium salt. By heating the resin for 1 hour 
to 260° C., the crystalline end-product can be obtained with a 
yield of 80 per cent.^ 

In the technical j)roduction of resins, the development of 
resinoid characters is further assisted by the fact that small 
quantities of non-reacting raw materials increase the com- 
plexity of the mixture, and also that mixtures of isomeric 
cresols and so forth may be used. It is to be noted that accord- 
ing to Dianin,* methylcnediphenols are dissociated by acids. 

The tendency of polyvalent and polynuclear phenols'* to 
form anhydride end-products in the reaction with aldehydes 
or ketones is of interest. Thus, /^-naphthol and aldehyde® 
form the acetal (1), then the diphenol (2), and, finally, the 
anhydride (3), insoluble in alkali — ^ 

R . CH<[] ; -> R • CH<^«g«>0 

(1) ' (2) (3) 


» Soo KxiusUU, 15, 17« (1925); L. Claisen, Ber., 10, 3317 (1886), describes, 
for examule, benzalgfycol<di-/3-naphthylacetal as a crystalline substance of 
m.p. 203-205° 0. 

* A similar effect was observed in the author’s experiments on the corre- 
sponding propane derivative. 

« See Bvr., 25 R, 334 (1892). • 

^ See C. Lieberrnaiin, S. Lindonbaum. Ber., 37, 1171 (1904). 

L. Claisen, Ann., 237,264, 271 (1887); Ber. 10, 3316 (1886); A. Claus,* 
E. Trainer, Ber., IM, 3010 (1886). 
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On the other hand, a-naphthol forms the normal diphenol, 
soluble in alkali. According to Claisen, one may expect all 
phenols in which the para-position is already occupied, that 
is in which the aldehyde residue has therefore to assume the 
ortho-position, to form such inner anhydrides by the reaction 
with aldehydes. This standpoint should .certainly be con- 
sidered in any explanation of the conversion of the formalde- 
hyde-phenol resins into products insoluble in alkali. (See pages 
154 Pi seq.) 

The reaction between phenols and ketones proceeds in an 
exactly analogous manner. It proceeds more rapidly with 
increasing amount of the hydrochloric acid used as a condens- 
ing agent, which must not exceed a certain limit,^ and the 
smaller the molecular weight of the ketone. The addition of 
ferric chloride has been found to promote the reaction.^ The 
preparation of a melting-point diagram showed the presence 
of an intermediate product, consisting of a molecular combina- 
tion of 1 molecule acetone wnth 2 molecules phenol.*^ 

The fact is of interest that «/^-unsaturated ketones or their 
halogen-hydride addition products (for example, those of ben- 
zalacetone) react with phenols in the presence of acid condens- 
ing agents, with ring formation'* : 



OCR 


(’R 

\ 



i f CH 




i II . - 

1 




V^\ 


iCH 


OH CHR 


O 


The technical development of the processes described in this 
section will be dealt with later in a special section. 

Aldehyde and Ketone Condensates. Both aldehydes and 
ketones can easily be converted into condensation products, 
in which the carbonyl group of one molecule reacts with a 
methylene or methyl group adjoining the carbonyl group of a 
second molecule, with elimination of water. The reaction is 

1 A. Dianin, Ber„ 25 H, 334 (1892). * 

2 Amo Meyer, Vhem.-Ztg.^ 45^ 632 (192J). 

. » Jill. Schmidlin, K. LaiiR, Brr.. 43, 2808 (1910). 

^ Weiler-ter-Mecr, (German Pat. 367,766; (f. (1922i^ IV, 890. 
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further characterized by the fact that the initial condensa- 
tion products so formed are able to interact in the same man- 
mer, in which way four or more molecules may ultimately be 
united. A further characteristic of the reaction is that it often 
leads to ring formation, especially in the case of ketone con- 
densations, althoiAgh it is also frequent with aldehyde con- 
densations. Certain differences of behaviour exist between 
aldehydes and ketones, for which reason it appears desirable 
to deal with them separately. 

Aldehyde Condensations. Aldehydes are characterized by 
the fact that on autocondensation they first form stable addi- 
tive compounds, which may then be transformed into true 
condensation products with elimination of water. In the case 
of aromatic aldehydes these additive compounds are the ben- 
zoins, whilst the alij)hatic aldehydes, which are more impor- 
tant for resin production, similarly form the aldols. Thus, 
acetaldehyde undergoes the following reaction : 

2 CH 3 . CHO THj, . (UT(()H) . . CUO 

forming /^-hydroxy-butyraldehyde, aldol, or acetaldol ; the con- 
densing agent used in this case may be zinc chloride in presence 
of water, aqueous solutions of salts with an alkaline reaction, 
dry potash, soda, dilute hydrochloric acid, and many others.^ 

On standing, acetaldol becomes viscous with evolution of 
heat, forming paraldol, a w^ater-soluble dimeride, which crys- 
tallizes with difficulty.*^ This capacity for polymerization is 
common to all aldols (j6f-hydroxyaldehydcs) and also to the 
a-hydroxyaldehydes, and may be considered as a factoi^favour- 
able to resin formation. On distillation in vacuo the products 
revert to the monomolecular condition. 

^ See BvilHteu}, I, S24. 

^Wiirtz, Compt. r^id. 70, 1166 (1872); 83, 255, 1259 (1876); L. Kohn, 
Monat8h,m27, 80 (1880); Nowak, Monatsh, 22, 1140 (1881); the tfmdency of 
aldol to polymerize is attribiite<l to the teiuleiiey to association of an oxygon 
bridge : 

[CH 3 . CH . . CHOHJ 3 

• ! 

! — o-- I 

see M. Bergrnann^rfC. Kami, /Im/., 438, 278; C. (1924), IT, 1079. 
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Water elimination from aldol occurs on warming to 84- 
85® C.,^ and also, for example, by the action of glacial acetic 
acid,^ forming crotonaldehyde, 

rH3.(Tl:CH .CHO 

On heating acetaldol to 125® tetraldan^s formed, 

a crystalline substance of melting point 112 113® C. which is 
easily soluble in benzene, chloroform, ether and alcohol, but 
soluble with difficulty in acetone and ligroin. This substance 
shows no reactions for either an aldehyde or an aldol, and no 
reactions indicating a double linkage. A dialdan, 

has been obtained from a mixture of aldehyde, water, and 
hydrochloric acid on prolonged standing.^ When pure it forms 
a crystalline substance of melting point 139-140® C., which 
differs from paraldol by being but slightly soluble in cold 
water, but freely soluble in hot water and very easily soluble 
in boiling alcohol. 

As will be seen from the above examples, which could be 
multiplied indefinitely, condensation can occui’ in many ways, 
even when acetaldol is alone involved as an intermediate 
product. It can be foreseen that under suitable conditions 
condensation may occur with the formation of still larger mole- 
cules than that of tetraldan, and that these substances may 
eliminate water by intramolecular reactions. Thus the pro- 
duction of more highly condensed products of resinous char- 
acter is explained by the justifiable assumption of the produc- 
tion, in this manner, of mixtures of substances similar in 

1 Grignard, Roif, Bull. Soc. Chim. (4), 7. 1 10 (1907). 

* Wiirtz, Compt. rend., 74, 1803 (1872). 

* Wurtz, see Lobry de Bruyii, Bull. Bor. Chiru. (2), 42, 104 (1884); Bijl, 
Rer. trav. chim. den Fays^Bas, JU, 173 (1900); see BeiUt., I, 826. 

« ^ Wurtz, Compt. rcnll., S3, 1259 ( 1876) ; .92. 1373 (1881); Bull. Soc. Chim. (2), 
28, 169 (1877); see Beilst., J, 325. 
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character. Recent investigations {vide infra) have shown that 
a resinous product of the approximate composition, 

C,4H3e()6 

is formed, the molecular weight of which can be determined. 

The reaction of acetaldehyde in presence of condensing 
agents does not, however, lead exchisively to the formation 
of acetaldol, but aldols of higher molecular weight are also 
formed, among which 

CHa . rH(()H) . (JHa . CH(()H) . . CH(()H) . CH^ . CHO 

trihydroxy-(‘l . 5 . 7)-ortario-a) (1) 


has been isolated. The separation of the various condensation 
products is very difficult. Higher aldols of this character may, 
obviously, form compounds of very varied character by the 
elimination of water. 

(yannizaro’s reaction and oxidation processes may also exert 
a certain influence on resin formation during the condensation 
of aldehydes in the presence of alkaline reagents.^ 

Any intermediate formation of crotonaldehydc, a liquid 
fairly easily soluble in water, having an odour which is at 
first fruity, but which becomes penetrating later, is not especi- 
ally favourable to resin formation, as this is only induced by 
the action of such reagents as sodium amalgam and hydro- 
chloric acid. 2 Yet crotonaldehydc forms aldols, for example, 
with acetaldehyde,^ which may be assumed to be more suscep- 
tible to resinification. In fact, crotonaldehydc has been recom- 
mended, together with acetaldehyde and aldol, as the most 
suitable primary material for various technical processes. 

' Soo Hammarston, Ann.^ 421 j 293 (1920). 

Lie ben, Zoisol, Monatah, 7, S23 (1880); see Beilst., I, 729. 

On the formation of liexadienai, probably 

»CH3 . CH - OH . OH - OH . CHO 
and of a-vinyl-crotonaldeliytle, 

(^Hj OH. C-CH. OH, 

I 

' CHO 

by the ouiulcniKation of nietaldeliyde in pK'seiico of .sodium acetate, see S. 
Zeisel and M. Neitsrirth, knn., 433, 121 (1923); C. (1924), I, 158. 
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The resinous product obtained on condensing acetaldehyde 
with alkalis, the so-called aldehyde resin, was first discovered 
by Dobereiner,^ and further investigated by Liebig, ^ Weiden- 
busch,^ Ciamician,^ Puchot,^ Ekekrantz,® and Hammersten.*^ 
Ekekrantz succeeded in separating the resin into two isomers, 
a- and /^-aldehyde resins, by precipitation from acetone and 
ether. The resins were found to contain 2 ethylene linkages, 
as they added 4 atoms of chlorine or bromine. On oxidation 
a white acid, 

all 24^ ^6 

was obtained. Otherwise, no well-defined derivatives could be 
isolated. According to Ekekrantz, the composition of the resin 
corresponded approximately to the following formula, 

12 CH, . OHO - 6 HjjO 

Whereas previous workers had used fairly concentrated aqueous 
or alcoholic solutions, Hammarsten carried out the resin forma- 
tion in dilute aqueous solutions, using N/5 to 8N solutions of 
the aldehyde and N/5 to 2N-K()H solutions, by which means 
he obtained two resins. 

For example, 10 litres of 2N acetaldehyde solution, prepared 
from 440 grm. pure, freshly distilled acetaldehyde and w^ater, 
were cooled below 10° C., and 10 litres of 10 per cent aqueous 
KOH solution were then gradually added with stirring. The 
liquid was cooled at first, so that the temperature did not 
exceed 15° C). After yellow coloration and turbidity had been 
produced, the mixture was allowed to stand for 5 to 6 days 
at room iJbmperature, with frequent shaking. 

The liquid was then neutralized with about 4^ litres of 
2N-hydrochloric acid, so that a filtered sample was exactly 
neutral to phenol-phthalein some minutes after the addition 
of the acid. The deeply orange-coloured resin was filtered and 

* vSchwoijjjg, Journ., 3H, 321. 

2 Ann., 14, 140 (18.35). 

3 Ann., 5, 25 (1833); 14, 1.3.3, (1835); 6G, 1.53 (1848). 

4 Monatsh., 1, 199 (1880). 

5 Ann. Chim. (0), 0, 423 (1880); Ber., 20, 111, 64 (1887). 

• « Arkiv.J. kemi, 4, 15 (1912): C. (1912), II 4 1194. 

7 Ann,, 421, 293 (1920); C. (1921), 1, 209. • 


*3— (5047) 
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washed with cold water until the chloride reaction disappeared. 
The filtrate was treated with 600 c.c. of concentrated hydro- 
chloric acid, which caused the separation of a pale yellow 
precipitate, which was also filtered and carefully washed. Both 
resins were dried at the ordinary room temperature at 10 mm. 
pressure, first over sulphuric acid, and then over phosphorus 
pentoxide. 

Both resins were extremely finely subdivided, very easy to 
filter and to wash. The yield amounted to 265 grm. red resin 
and 55 grm. yellow resin, or about 46 per cent of the aldehyde 
used. 

The red resin is a deeply orange-red powder, practically 
insoluble in water and in alkalies. The colour becomes lighter 
on keeping. It is readily soluble in alcohol, glacial acetic acid, 
chloroform and acetone, commences to sinter at 96° C., but 
only melts completely at 120° C., and is then immediately 
decomposed. 

The yellow resin is of a very pale straw colour, slightly 
soluble in water with a clear yellow colour, and fairly easily 
soluble in alkalies with a dark yellow colour; it is also sol- 
uble in alcohol, glacial acetic acid, chloroform and acetone. 
It commences to sinter at 105° C., and melts at 120°-130°C. 
It commences to decompose at over 200° (\ Elementary 
analyses and molecular weight determinations of these resins 
and of those obtained by Ekekrantz gave the following results — 


MoIecularWeight 
(in Aji'otone and 
(ilacial Acetic 
Acid ) 


pjkekrantz ~ 




a-remiu .... 


8-30 

438 

/l-rcrtin . « . 

68-60 

8-44 

429 

Harnmarston - 




Red rosin .... 

69-19 

7-82 

427 

Yellow rosin 

66-73 1 

7-68 

404 

Calculated for C24H350e 

68-r>8 

8-58 

420 

r* 
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Thus the aldehyde resin which is produced consists of at 
least two constituents of different composition, namely, the 
ordinary aldehyde resin, which is initially red and which was 
investigated by Ekela*antz and separated into a- and /?-resin, 
and the yellow resin, which is soluble in alkali. Hammarsten 
further states that the formation of aldehyde resin should not 
be considered as an end -reaction in the condensation of acet- 
aldehyde, but that on the contrary the various substances : 
acetal, ethyl alcohol, higher aldols, yellow and red resins are 
simultaneously produced in an acetaldehyde solution. 

On distillation with zinc dust aldehyde resin yields benzene 
homologues, and on oxidation or in a potash melt it yields 
aromatic carboxylic acids. ^ The well-known example of the 
formation of cymol from citral- shows how easily ring forma- 
tion occurs in such condensations, often with divSplacement of 
double linkages. It should be mentioned that polyvinyl 
alcohol also appears to be present in aldehyde resin, although 
attempts to convert acetaldehyde into its isomer, vinyl alcohol, 
have not yet met w ith success.® On the technical development 
of these aldehyde condensations for the manufacture of syn- 
thetic resins, see the section on Aldehyde Resins.’* 

Ketone Condensations. The formation of additive com- 
pounds, the aldols, which is characteristic of aldehydes, is 
shared by ketones to a very limited extent only,^ thus elim- 
inating a very important resin-forming factor in the condensa- 
tion of ketones. On the other hand, the possible variations in 
the manner of condensation of ketones are much more numerous 
than wi^i aldehyd(\s on account of the presence of two methyl 
or methylene groups adjoining the carbonyl group, which leads 
to the condensation of acetone, for example, to the most vari- 
ous products, including mesityl oxide, phoron, mesitylene, 
isophoron and the xylitones. Oyclohexanone, in particular, 
has been much used for resin-forming ketone^condensations.® 

^ See BviUtciut 1. 50S, and also the authors cited nbov(‘. 

8 See Houl^^n, Methoden, II, 879 (1925). 

8 H. Staudinger, K. Frey and W. Starck, Her., 6Y>, 1785 (1927). 

< A. Franke, Th. Kohler, Ann., 433, :n4 (1^2:1). 

® On condensation to dodocahydrotriphcnylene and other compounds, sec 
V,. Mannich, /hr., 40. 15:1, 159 (1907); see also (). Wiillach, Her.. 40, 70 (1907); 
Karl Kunze, Ber., 5S, 20Hr) (1926); V. (1920), 11, 2573. •* 
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Cyclic ketones, such as cyclohexanone and cyclohexylidene 
hexanone, are converted into resinous condensation products 
by heating with alkaline condensing agents.^ For example, 
200 parts of cyclohexanone are heated with 100 parts alcoholic 
caustic potash (2 parts methyl alcohol to 1 part potassium 
hydroxide) for 20« hours under pressure at 200-220° C. The 
resins are soluble in alcohol, benzene, cyclohexanone and lin- 
seed oil. 

By the condensation of cyclohexanone with mineral acids 
(50 per cent sulphuric acid), or such substances as zinc chloride, 
resins are obtained which are soluble with difficulty in alcohol, 
but soluble in benzene and in linseed oil.^ 

Resins from cyclohexanone, and from cyclic ketones in 
general, may be utilized together with other resinous products 
or with cellulose derivatives.® 

Condensates from Aldehydes with Ketones. Compared with 
formaldehyde (see page 104), the other aldehydes play an 
unimportant part only as components for resin-forming con- 
densations with ketones, 

H. Dreyfus^ obtained resinous condensation products from 
acetaldehyde and cyclohexanone or their honiologues, by heat- 
ing the components in the presence of acid or basic condensing 
agents, with or without the addition of diluents or solvents, 
such as alcohol or benzene. For example, 100 parts of cyclo- 
hexanone, 100 parts of alcohol, and 1 part (>f 50 per cent 
sodium hydroxide solution are gradually mixed at 90° C. with 
250 parts of 25 per cent acetaldehyde solution and boiled for 
3 to 4 hours. After distilling off the alcohol an oil remains, 
which gradually changes to a solid resin. When condensed so 
energetically with higher aldehydes that the initially-formed 
products, of low molecular weight, are further condensed, 

* Badiselu' Aiiiliii- uiul Sotla-Fabrik, Uonriau Pat. 337,993 (1919); C. (1921), 
IV, 426, 912; Kunstst., 12. 37 (1922); British Pat. 146,498; KunatsU, 12, 23 
(1922). • 

8 Badischo Anilin- uml Soda Fabrik, Britwh Pat. 170,361 (1920); C’. (1922), 
II, 330; KnmUt., 10, 39 (1920); Swiss Pat. 89,060; Kunstat., 12, 14 (1922); 
Boe also Huheinann, J. Chnn. Soc. Traua., .95, 109 (1909). 

® Bailiseho Anilin* \md Soda-Kabrik, (lorman Pat. 420,414 (1924) ; C, (1926), 
1, 1300; Kunatat, Id, 76 (1926). Seo also patent siiininary by Aladin, 
Kunstat., IS, 14 (1928). , * 

^ British Pat. U4.575 (1921); (\ (1923), IV. 730; Kumtat, 13, 126 (1923). 
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cyclohexanone and its derivatives yield resins of good solubility, 
which can be used in the varnish and varnish oil industries.^ 
The use of alkaline or acid condensing agents is advantageous, 
as is also operation under pressure. 

Meunier^ produces resins from furfurol, or furfurol and 
ketones. The reaction takes place by heating furfurol, either 
alone or admixed with ketones, or with aldehydes such as 
acetaldehyde, in the presence of an inorganic or organic base, 
and, if desired, under increased pressure.*"* 

Thus by slowly adding 1 part of a mixture of equal volumes 
of acetone and furfurol to 3*5 parts of 30 per cent caustic 
alkali solution, boiling under reflux, and then heating for a 
short time, a resin was obtained which, when washed and dried, 
had a yellow colour, and dissolved in acetone, benzene, or a 
mixture of 23 volumes of furfurol and 77 volumes of alcohol, 
forming varnishes. It is stated that by heating with linseed 
oil, the resin can be obtained in a form suitable for the produc- 
tion of oil varnishes. 

Similar products were obtained by G. H. Mains and M. 
Phillips^ by using concentrated caustic alkali solutions. For 
example, a dark-brown resin, suitable for the production of 
wood varnishes, is obtained from furfurol and methylethyl- 
ketone in presence of 50 per cent caustic soda solution at 
25 ° C. By combining this with fatty oils, black stoving enamels 
are obtained. 

L. T. Richardson^ obtains a condensation product from 
acetone and furfurol in another manner. The comj)onents are 
mixed and then gradually added to caustic soda solution, main- 
taining the temperature at 60-70° C. by cooling. Phosphoric 
acid is then added until the reaction is slightly acid, and the 
resulting j)roduct washed with water and dehydrated at 100- 
105° C. It then forms a viscous liquid, holding a mass of 

^ Badische Ariilin- imd Soda-Fabrik, BritiBli Pat. 40:btU() (1922); (L (1926), 

I, 309; see (kirrnan Pat. 3.39,107; C. (1921), IV, 714. 

a Frtmch Pat. 472,384 Kunatst., 12, 23 (1923). 

® On the course of the reaction, soe, for example, Itizo Kasiwagi, C. (1926). 

II, 892. • 

^Chem, Met. Eng., 24, 661 (1921); C. (1922), II, 445; Kumtat., 11, 189 
•(1921); 13, 89 (1923); U.S. Pat. 1,441,698 (1921); C\ (1926), I, 2471. 

« U.S.Pat, 1,684,144 (1925); C. (1926), 1 1, 1206. 
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crystals in suspension ; this is mixed with acid condensing 
agents, by preference naphthalenesulphonic acid, together 
with washed asbestos, sawdust, cellulose, and so forth. On 
heating to 1S()°C. in moulds under pressure, hard, tough, 
insoluble black masses are formed. 

Further, Plausoji^ obtains plastic masses, or soluble, fusible 
resins, which are further transformed on heating, quite gener- 
ally from ketones (such as acetone, methylethylketone, diethyl- 
ketone, vinylalkylketones, pinacolines, mesityl oxide, phoron, 
acetone oil and acetophenone) and furfurol, or substances 
which liberate furfurol (such as furanecarboxylic acid and 
furoin), by interaction in j)resence of condensing agents, such 
as alkaline lyes or acids. 

We must finally refer to experiments by H. A. Gardner and 
A. Knauss,'^ on the production of resins from acetone with 
furfurol, aldol, and paraldehyde. The products are intended 
for use as additions to cellulose-ester varnishes. They are pre- 
pared in the presence of acid or basic condensing agents, to 
which colophony or cellulose esters may be added. 

Condensates from Aldehydes with Amines or Ammonia. 
These products also an^ of but little importance as artificial 
resins compared with the corresponding formaldehyde products. 
(See page ir)().)^ 

Acetaldehyde. With naphthylamine acetaldehyde forms 
a resinous condensation jmxluct at the ordinary temperature 
in the presence of a solvent, such as benzene, which is either 
resilient or of soft character, and is soluble in acetone, alcohol, 
benzene, and so forth.'* 

Acetaldehyde, Ai.dol, Oroton aldehyde. Varnishes ready 
for application are obtained^ by condensing aniline, tolui- 
dine, xylidine, or a-naphtliylamine (or mixtures of these) in 

* Plausou’s P^orsi'liiingainstitut (J. m. b. H., CJorman Pat. .380,013 (1920); 
V. (1924), I, 1710; Kunstst., 14, 71 (1924). 

* Ind. Entj. Vhern., 10, 192S (1928). 

® On use for tho production of oily mixture's for soaking insulating tape, 
son U.S. Pat. 1,594,982 (1920); (\ (1920), 11, 2857. 

P'arbw. vorm. Mcistor, Lucius & Bniiimg, Oorrnan Pat. 300,685 (1917); 
6'. (1922), 11, 879. ^ 

^ P'arbw. vonn. Meister, Lucius & Briining, Goriuan Pat. 372,865; C. (1923), 
IV, 600; I. (L P'arl^mind A.-O., British Pat. 270,433; French Pat. 612,768;. 
a. (1927), II. 034;^lcnnan Pat. 451,7.34; C. (1928), I, 122. 
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famish solvents, such as benzene or tetraline, with acetalde- 
hyde, aldol, or crotonaldehyde, or mixtures of these, with 
acid (such as oxalic acid), as a condensing agent, by heating 
to 80-100® C. The condensation product from acetaldehyde 
and aniline in acid solution (see page 60) has been proposed 
as an ‘‘ antioxygen ” for rubber. ^ ^ 

Hubert Rauch‘S obtains resinous condensation products by 
heating benzylidene compounds of aromatic amines to high 
temperatures in the presence or absence of neutral, basic, or 
acid accelerators, to which solvents or diluents may be added. 
A resin of analogous properties is obtained by heating u-naph- 
thylamine with benzaldebyde, solvent naphtha and 25 per 
cent hydrochloric acid under reflux. After the removal of the 
aqueous layer the solution can be used as a varnish. The 
resins themselves are insoluble in acids and alkalies, slightly 
soluble in alcohol, but very soluble in benzene and linseed oil. 

Furfijrol. Meunier^ obtained a resin, soluble in alcohol 
and benzene, by heating furfurol with aniline, the 15 to 20 
per cent solution of which, when used as a varnish, formed 
brilliant black coats, which are converted into an insoluble 
coating of black enamel by heating to 50-60® C. The actual 
condensation could be accelerated by dehydrating agents, such 
as zinc chloride. 

G. H. Mains and M. Phillips'^ investigated the behaviour of 
a whole series of amines with furfurol. Aniline, m-nitraniline, 
p-toluidine and a-naphthylamine react on heating to 150- 
200® C., with formation of black resins, whilst /1-naphthylamine 
and m-toluylenediamine react at 25° C. In the case of o-tolu- 
idine, l-!nethyl-2-amino-4-isopropyl-benzene andcrude xylidine, 
it is necessary to add strong hydrochloric acid (specific gravity 
1*19), whilst amylamine, dimethylaniline and m-phenylene- 
diamine show no resin formation with furfurol, even on heat- 
ing for 3 hours to 200° C. Furfurol forms no crystalline com- 
pounds with p-nitraniline, benzidine, or toluidine at room tem- 
perature. The resinous products, which soften and liquify at 

1 Naugatuck Chemical Co., U.S. l»at. I, (>20,784; C. (1927), II, 762. 

2 German Pat. 401,720 (1922); C. (1925), l! 308. 

3 Fi-onch Pat. 472, .384. 

• ^ Chern. Met. Eng., 2/. (iOl (1921); U.S. pat. 1,4^1,598.^ 
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30"^ to 100*^ C., are insoluble in water, slightly soluble in tur- 
pentine oil, soluble in benzene, acetone and alcohol, and very 
soluble in furfurol. The solutions arc recommended for varnish- 
ing wood. The products may be converted into oil varnishes. 
By the action of high temperatures on furfuramide, 

which is obtained from furfurol and aqueous ammonia, both 
Meunier, and also Mains and Phillips, obtained a resin soluble 
in benzene, which is an impure furfurin.^ 

Crondensates from Aldehydes and Hydrocarbons. Benzalde- 
HYDE. On condensing benzaldehyde with benzene homo- 
logues (Cg and over), in presence of concentrated sulphuric 
acid, resins are obtained which resemble colophony. ^ These 
are insoluble in water, acids, and alkalies, slightly soluble in 
alcohol and methyl alcohol, and easily soluble in acetone, 
ether, chloroform, ethyl acetate and aromatic hydrocarbons. 

Acrolein. Moureau and Oufraisse^ obtain resinous con- 
densation products, capable of being hardened, from acrolein 
and organic compounds, such as hydrocarbons, their deriva- 
tives, alcohols, ethers, and so forth, in the presence of basic 
catalysts. (See also page 171 el sexf) 

( CONDENSATES WITH ALCOHOLS 
Whereas simple alcohols of low molecular weight, such as 
methyl alcohol, form simple ethers or esters with phenols and 
acids respectively, the relations become more complicated with 
products of higher molecular weight, such as benzyl alcohol, 
and particularly with poly-alcohols and allied compounds, such 
as the carbohydrates. On the one hand other reactions occur, 
such as nuclear condensations, and on the other the homo- 
geneity of the processes diminishes rapidly, so that in place 
of well-dc^fincd products, mixtures are formed which may show 
the properties of resins. Some of these resins are convertible 
into insoluble and infusible products, which, of course, increases 

^ S(m:> Dubose, Kunstst., 11, 59 (1921); Trickey, Miner, Brownlee, J. Jnd. 
Etvg. ahem. (1923), 65. 

* Farbw. vorm. Meister, LueiuS & Briining, German Pat. 365,541 ; C. (1923), 
II 922. 

French Pat 52^,498; C. (1922), IV, 894. 
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their value considerably. For this reason this class of resin- 
forming processes is of exceptional interest. 

Cioiideiisates from Alcohols and Phenols* Even the higher 
aliphatic alcohols^ show with phenols, in presence of dehydra- 
ting agents, such as zinc chloride, sulphuric acid, glacial acetic 
acid, alkali bisulphate, magnesium chloride, ^and so forth, not 
only the power of normal ether formation, but also the property 
of interaction with the nucleus, that is, of substitution of the 
aromatic nucleus by the alcohol radicle. Thus, for example, 
isobutyl alcohol forms p-isobutylphenol with ordinary phenol.'^ 
C 4 H 9 . OH-f CeHg . 0H-=C4F1„ . . OH + H^O 

Benzyl alcohol reacts with phenol in a similar manner, form- 
ing p-hydroxydiphenylmethane. 

The same reaction is presumably an intermediate stage in 
resin formation from poly-alcohols, in which more or less stable 
ethers must be assumed to be i)rimary or accompanying pro- 
ducts, as may be concluded, for example, from the formation 
of glycerine mono-phenol ethers on heating glycerine with phenol 
in presence of sodium acetate.^ As. moreover, poly-alcohols are 
alone used for practical resin manufacture, and these substances 
are able to eliminate water with formation of unsaturated 
compounds, and formation of oxygen bridges, which promote 
aggregation,** there are numerous possibilities for the forma- 
tion, not merely of resin, but of resins capable of further 
transformation, that is, of hardening. 

Glycerine. J. McIntosh and E. Yeakle® recommend heating 

^ On the reaction of cellulose with Ix nzcne, see Nastjiikow, C. (1902), 
IT. 576 

2 See J ifoiiben, R Kornpf, Mettmden d. org. Chem., Thin! Edition (1925), 

Vol. II, 854; A. Liebmann, 15, 150 (1882); see also L. von Dobrzyeki, 

J. prakt. Chem. (2), 36, 390 (1887). 

3 Zivkovic, Monatsh., 29, 951 (1908); Rlotzky, Monatsh., 30, 6()3 (1909). 

* See also B. Rajeiulra Nath Sen, Nripeiulra Nat-h Sarkar, »/. Amer. Chem. 
Soc., 47, 1079; C. (1925), IJ, 187; H. K. Drew and W. N. Haworth, J . Chem. 
Soc., Loridon (1927), 775; C. (1927), JI, 43. 

•'Canadian Pat. 229,395 (1922); C. (1924), I, 1717; /mi. Eng. Chem., 19, 
111 (1927); see also Farhe und Lack (i927), 286, 287 (ref.); Kun8tat% 14, 71 
(1924). On the replacement of glycerine by epichlorhydrin, allyhalcohol, 
glyceraldehyde, dihydroxyacetone, and so forth, with the use of various 
catalysts, such as H 2 SO 4 , bromine, pyridine, and sulphur chloride, and the 
addition of hardening agents, such as formaldehyde, hexamethylenetetramine, 
l^nzidine -acetone or acie tone -.sodium disulphit^e, see Diamond State Fibre 
Company, U.S. Pats. 1,642,078 and 1,642,079; C. (1927), II,;2476~77. 
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a mixture of 700 parts glycerine, of specific gravity 1*25, and 
1,000 parts phenol, in presence of 10 parts sulphuric acid of 
specific gravity 1*84 to 160-190° C. The water formed by the 
reaction is allowed to distil, and the process is considered to 
be finished when 350 parts of water have been condensed. The 
resultant liquid is^then cooled and neutralized with lime, chalk, 
or barium carbonate. The dark resin so obtained is an initial, 
condensation product, that is, it can be melted or dissolved, 
and is converted by sufficiently prolonged and intensive 
heating into an insoluble, infusible product. It is advis- 
able to accelerate the hardening process by adding 4 to 12 
per cent of formaldehyde. The product, which is known as 
“ Aerolite,” has recently been proposed as a substitute for 
‘‘ Resole ” resins, which are jdienol-formaldehyde condensation 
products. 

Carbohydrate.^. G. Mauthner^ prepared resinous condensa- 
tion products from cellulose and phenols, using mineral acids 
as condensing agents, which were fusible or infusible accord- 
ing to the conditions of reaction. With increasing amounts of 
the condensing agiuit, consisting of sulphuric^ or hydrochloric 
acid, the velocity of the reaction is increased, and may even 
be almost instantaneous, and leads at once to the final product. 
The required tcmiperature depends on the quantity of acid 
and on the nature of tlu' desired product. The reaction, which 
starts in th(^ cold and proceeds more rapidly on heating, first 
leads to the production of liquid products, which are further 
converttnl into plastic masses, which can be kneaded, and finally 
to solid, resinous substan(;<‘s. Fusible or infusible })roducts are 
thus obtained, according to the temp(*rature emplCyed and 
the duration of the reaction. 

Similar resins were obtained from cellulose or carbohydrates 
and phenol by Hartmuth,- Claessen,*"* McIntosh,^ E. Novotny, 
and J. Romieux,^ and were also found to be hardened by 


Pat. 247,181 ; Kuntftst.f 3^ 88 (1913). 

» German Pats. 326,705, 328,783 (1919); (\ (1921), 11, 143, 235. 

' British Pat. 160,482 (1919); C. (1921), IV, 269. 

' Cana<lian Pat. 229,152; r.^(l923). IV, 730. 

« Oautiuiian Pat. 249,166 (1922); British Pat. 208,193 (1922); C. (19261, 
II, 1,473; KunMfjf., /6*. «225 (1926). 
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formaldehyde, hexamethylenetetramine or furfuramid. Stearic 
acid and other substances are recommended as plasticizers.^ 

Resinous products have been obtained with phenols and 
starch 2 and hexoses.® 

The reaction of hexoses with phloroglucin was investi- 
gated by C. Councler,"^ who found that condensation occurred 
between a molecule of each substance with elimination of 
molecules of water. In some cases, however, the products were 
found to be formed by the combination of 3 molecuU'iS of each 
substance, with elimination of 8 molecules of water. Ethers 
are probably formed. C. Ellis apj)ears to suppose that furfurol 
is first formed under the influence of the catalyst, as may be 
concluded from the fact that he includes the resins obtained 
from cellulose with phenols among the furfurol resins.® It is 
impossible to disagree with the view that this may occur, at 
least in part. The accompanying formation of phenol-furfurol 
resins would at least explain the otherwise strange fact that 
the reaction is not promoted by alkali, and also that the 
resinous products are intensively dark coloured. 

Condensates from Poly-alcohols and Polyvalent Acids. In 
the esterification of polyvalent acids with poly-alcohols com- 
plicated reactions may naturally be expected, leading to the 
production of mixtures. This is the case, for example, in the 
syrupy products obtained by van Bemmiden as primary pro- 
ducts on heating equivalent quantities of succinic acid and 
glycerine, or of citric acid with an excess of glycerine.^ The 

^ V. MoiffH, British Pat. 274.146. 

^ DiamoiAi State Fibre Company, (-anadiaii Pat. 229,396; C. (1924), I, 
1717; Britisli Pat. 221.553 (1923); Fremh F^at. 567,315 (1923); (\ (1926), 
II, 1474; Kunsm., 10, 254 (1926). 

» J. V. Meigs. U.S. Pat. 1,593,342 (1925); C. (1926), TI, 1594. See also F. 
Konther, (German Pat. 402,541 (1923); (\ (1924), II, 2431; KutisM., 7,5, 12 
(1925); see also (lonnan Pat. 380,764; C. (1923), IV, 731; Enamel by the 
joint use of molasses or sugar and phenols. 

4 Ber., 2H, 24 (1895). 

Synthetic Heslns and Their PlanticH, p. 220. 

* Unpublished experiments by Scheiber and Noack. 

’ Jahresber. Fortschr. d. Chem. (1856), 603; (1^58), 434; P^unaro and Danesi, 
do. do. (1880), 799; Otto, see BeiUtein, II, 612; Louren^o, Ann. Chim. (3), 

313 (1863); Oechsner de Coninck und Raynaud, Compt. rend.^ 135^ 1352 
(1902). * 
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“ initial condensation product ” obtained by L. Weisberg,^ of 
fusible character and soluble in acetone, on treating phthallic 
acid with glycerine, should also probably be considered as a 
mixture of esters. The easy saponification of these products 
supports this view. 

The reaction becomes more complicated on more prolonged 
and intensive heating, as other processes accompany esterifica- 
tion, such as ether formation, anhydride formation, the forma- 
tion of unsaturated groups, and so forth. The results of such 
reactions are apparent in the form of reduction of the solu- 
bility in acetone and infusibility. Thus on heating the syrupy 
initial ester mixtures obtained by him to 200° C. for several 
hours, van Bemmelen obtained solid infusible substances. 
Weisberg, also, by further heating his soluble and fusible initial 
condensation product, was able to convert it into an inter- 
mediate product which was no longer soluble in acetone and 
no longer fusible, and which could only be moulded under the 
joint influence of heat and pressure. The reactivity with water, 
which still characterizes this product, which is, of course, dis- 
advantageous in practice, can be completely removed by fur- 
ther prolonged heating, so that the ultimate product is fast 
to both cold and hot water.^ It is remarkable that even this 
product is still soluble in glycerine. 

The loss of solubility and fusibility shows that in the course 
of the condensation compounds are formed which possess 
the capacity for far-reaching association or polymerization. 
Regarding the actual reactions, which will, undoubtedly, vary 
greatly with the wry great possible variations of the com- 
ponents, nothing is known. The increase in molecular weight 
which is possible by simple esterification, leading, for example, 
to the formation of a compound, 

(^3oH240,2 

m 

from equivalent quantities of phthallic acid and glycerine, 
does not appear adequate to explain the observed facts. From 

1 U.S. Pat. 1.413,144-6 (192i;); 6’. (192.3), IV, 368, 668; British Pat.173, 225; 
C\ (1922), II, 748. 

* See also Watson Siiuth, according to C. Kills, Synthetic liesins and Their 
PUutict, p. 292;^allahan, U.S. Pat. l,108,.^29-30 (1914). 
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the fact that resin formation is considerably accelerated by 
replacing glycerine by polyglycerines, ^ it must be concluded 
that other chemical processes also occur, the most important 
of which is probably the formation of cyclic ethers. Such pro- 
cesses would explain why the increase in molecular weight 
ultimately leads to the formation of colloidi^ complexes. It 
is, however, possible that vinyl-derivatives are also formed to 
some extent, as might occur, for example, by the elimination 
of water from the /^-mono-esters. 

r M P H ^COOH 

C6ti4<co . O . CHiCHjj . 0H)2 ^ ^ CO . () . C{CH , . OH) CHj 

The di-esters might also form similar compounds. 

A further possible explanation of the polymerizations which 
occur would be by the production of oxygen-containing rings, 
which might be produced by the opening out of polymeric 
complexes, as explained by H. Staudinger.^ 

The scope of the reaction is very considerable, as any poly- 
valent aliphatic or aromatic acids may be used with any poly- 
alcohol. Even polyvalent inorganic acids are suitable. Thus, 
for example, a “ resinoid substance, which is, however, solu- 
ble in water, is obtained from boric acid and glycerine, and 
may be described as an “ organic-inorganic synthetic resin.”® 
This substance may also be considered as a link with the 
purely inorganic ‘‘ resins,” namely, the glasses. It is also of 
interest that the salts of phthallic acid and of nitrophthallic 
acid mono-esters with zinc, lead, copper, iron, and so forth, 
possess the characteristics of resins.^ 

Generally speaking, in the phthallic acid-glycerine products 
and the corresponding resins, the pure condensation reactions 
appear to be of far greater importance than in most other 
varieties of resin production. 

Regarding the production of these products,® we have already 

1 L, WeisWg. R. S. Pottt^r. U.S. Pal. l,424,i:n (1922); (\ (1923), V\\ 668; 
KutiatsL, 13. 126 (1923). 

2 Helv. Chim. AcUi. H. 306 (1926); (\ (1925), H, I5«. 

* E. Eoiirobert uiul h\ Pallauf, ('hem. IhrMchau. 33. 43 (1926). 

'‘Commercial Solvents Corp., U.S. Pat. 1.618,209; British Pat. 250,266; 
FWoh Pat. 612,976; C. (1928), I. 1.337, 1584. 

^ See also the Patent Summary by Alailiii, KunMH,. IH. 6‘'’,(1928). 
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referred to very early investigations, particularly to those of 
van Bemmelen. But the condensation products of succinic and 
citric acids and of other aliphatic acids with glycerine are of 
very slight technical importance compared with the phthallic 
acid-glycerine resins, the so-called Glyptals.’’^ The first 
investigation of tany such product was first carried out by 
Watson Smith in lOOl/-^ 

Smith heated a mixture of 2 molecules glycerine and 3 mole- 
cules phthallic anhydride for a long period almost to the boil- 
ing point. On cooling, a solid resinlike, completely-transparent 
product was obtained, which was insoluble in water, but solu- 
ble in an excess of glycerine on warming. The resin was easily 
saponified by caustic alkali solution, its melting point was about 
190° (1 ; at 220° C. it commenced to decompose and carbonize, 
although the mass was not yet completely melted. Smith 
recommended the product as a cement for glass and porcelain. 

Callahan^ found that in order to avoid permanent softness 
and stickiness of the resins the organic acid must be used in 
excess. For the production of the plithallic acid-glycerine 
product, for example, he gives the following instructions^ — 

One part by weight of glycerine and 2 parts by weight of 
phthallic anhydride are slowly heated. At 100° C. the mixture 
forms a clear liquid, and on further heating a small amount of 
distillation occurs. At 185^0. any further temperature rise 
should be avoided until distillation ceases. The product is 
then heated further, uj) to about 210'^ C., until the first stage 
of the reaction is com})leted. The completion of this stage is 
recognized by cooling small samples, which should yien yield 
a hard, brittle, non-adhesive resin, which is yellowish and 
transparent. 

On continuing the heating beyond 210® C. a further reaction 
occurs, with evolution of heat. At 275® C. the liquid commences 
to froth freely, ^nd a brittle infusible mass is obtained, inter- 
spersed with bubbles. 

^ Tlio naiuo (Jlyptal for tliose liaa boon ])r()loolod by tho Bakelite 

G. m. b. H., Borlin -Chariot toijbiirg. 

2 J. Soc. Chvm. I ml., 20, 1075 (1901); C. Ellis, Synthetic Renim, p. 292. 

3 U.S. Pat. 1,091,732/1914). • 

^ U.S. Pat. 329 (1914); KmisisU, 5, 165 (1915). 
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This formation of bubbles occurs even if the temperature of 
210° C. is maintained. A dense, homogeneous mass can, how- 
ever, be obtained if the transformation (polymerization) is 
carried out by heating for a prolonged period (e.g. 15 to 20 
hours) at 85-100° C. or even at 135° C. The insoluble product 
softens at temperatures above 40° C., but only melts on decom- 
position. Alkali decompo.ses the resin, with formation of 
glycerine and phthallic acid. 

The product so obtained is still sensitive to water, on lying 
in which it becomes white and cheesy, and is also not weather- 
proof. By further heating^ to 180-250° 0. for 5 to 10 hours, 
the condensation is completed and any remaining free glycer- 
ine is removed. The resin is then insoluble in all ordinary sol- 
vents, but is still soluble in glycerine as is the intermediate 
condensation product. Tt is not attacked by alkaline solu- 
tions in the cold. At 140° C. the resin becomes leathery and 
can be moulded. 

Callahan also recommends the use of glycol and carbohy- 
drates instead of glycerine ; he also gives examples of the use 
of succinic, citric, malic-^ and camphoric acids. ^ 

The production of mixed (\sters proved to have a favour- 
able effect on the physical properties, more especially by reduc- 
ing the brittleness. Thus, Arsem^ obtained such a substance 
by first causing glycerine to interact with a quantity of an 
acid insufficient to saturate all the liydroxyl groups, and then 
continuing the esterification with another acid. The product 
can then be hardened as described above. Callahan® uses mix- 
tures of acids, for example, 4 molecules phthallic anhydride 
and 6 molecules succinic acid, for condensation with 10 mole- 
cules glycerine. This product can also be hardened in the usual 
manner. 

Arsem first showed that phthallic acid could be replaced by 
tartaric, glutaric, camphoric or malic acid, qnd the glycerine 


^ Callahan, U.S. Pat. I,108,:i30 (1914). 

2U.S. Pat. 1,()91,(>27 (1914). 

3 U.S. Pat. 1,091,628(1914); British Pat. i24,059 (1912); KnnsM., 4, 76 
(1914). 

• * U.S. Pat. 1,098,776-7 (1914). 

« U.S. Pat. 1,108,332 (1914). 
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by glycol or mannite. For the further esterification the most 
various mono- and di-basic acids can be used, such as pro- 
pionic, stearic, palmitic, oleic, ^ benzoic, lactic, salicylic, 
glycollic, chloracetic, chlorobenzoic or chloropropionic acids, 
which naturally influence the solubility, fusibility, hardening 
properties and character of the resultant resins. ^ Butyric 
acid,* shellac,^ colophony and copal* have also been com- 
bined with phthallic acid. 

Apart from combination with a second acid, endeavours have 
also been made to change the properties of the products by 
admixture with other materials. 

In order to improve the elastic properties, Dawson® pro- 
posed the admixture of m-dinitrobenzene, ethyl benzoate, acet- 
anilide and /9-naphthol. According to HowelF and Dawson,* 
castor oil produces an improvement in the toughness and resili- 
ence of the resins. As the castor oil is undoubtedly changed 
by the formation of other esters at the high temperatures 
which are employed, its application should really be classified 
with the formation of mixed esters. This view is supported 
by the fact that considerable proportions of castor oil are 
used. 

A further improvement in the production of resins from poly- 
valent alcohols is said to be achieved** by using the alcohols 
in a precondensed form. Thus on heating glycerine for half an 
hour to 280° C. in presence of | per cent sodium hydroxide 
or sodium acetate, condensation products arc formed with con- 
siderable elimination of water, the so-called polyglycerines. 

' On lieatin#;^ the resin from oleic acid, plitliallio acid, and glycerine with 
sulphur, a rublx^r-liko mass is formed; Arsem, U.S. Pat. 1,082,106 (1913); 
Kumm., 4, 167 (1914); British Pat. 9986 (1913); Kunstat., 4, 117 (1914). 

* If phthallic anhydride and glycerine are condensed in presence of sulphuric 
acid, suhaequoiit adtlition of unsaturatod fatty acids results in the formation 
of dark but very elastic products, which can be hardened ; see British Thomson- 
Houston Co., British Pat. 262,394; French Pat. 616,463; C. (1928), I, 1336; 
Barret Co., U.S. Pat. 1,667,197-200; C. (1928), 11, 293. 

* Freidburg, U.S. Pat. 1,119,692 {19\4) ; Kmiatat., 6, 216 (1915). 

* L. W^isberg, U.S. Pat. 1,413,146 (1922); C. (1923), IV, 368. 

« C. Ellis, U.S. Pat. 1,541,336 (1923); C. (1926), I, 797. 

» U.S. Pat. 1,086,112 (1914). 

‘ U.S. Pat. 1,098,728 (1914). * 

« U.S. Pat. 1,141,944 (1915). 

» L. Weisberg, R. S. Poller, U.S. Pat. 1,424,137 (1922); C. (1923), IV, 668; 
Kunatat, 13, 125 -(4923). 
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These interact with phthallic acid, for example, much more 
rapidly than glycerine itself. (See above.) 

The technical application of all these resins has so far been 
very small, owing to the high price of phthallic acid. Accord- 
ing to C. Ellis, a small amount of phthallic acid-oleic acid- 
glycerine resin is used for coating electrodes which come into 
contact with litharge, owing to its resistance to litharge and 
water. The resin is applied in the form of a solution in acetone 
and is stoved after drying. 

The soluble initial products are used for the production of 
varnishes, the solvent employed being mainly acetone, although 
cyclohexanone, diacetone-alcohol and mixtures of cyclohex- 
anone with alcohol and of butyl alcohol with benzene have 
been stated to be useful. Better solubility in fatty oils, is 
attained, for example, by preparing the resins in the presence 
of suitable fatty acids. ^ After application, the coatings, which 
are readily attacked by water, must be hardened by heating 
for a considerable period. The danger of thickening of the 
varnish on admixture with basic pigments can be counter- 
acted by pre-treatment of the resin with alkaline substances, 
such as lime, soda, baryta, and so forth. ^ 

According to C. Ellis,^ the products may bo used with advan- 
tage as auxiliary components of modern cellulose nitrate var- 
nishes such as are increasingly used, more especially for motor- 
cars. Although they cannot be directly incorporated with fatty 
oils, this can be achieved, according to L. V. Adarns,^ by 
dispersing the resinous product, jointly with the fatty oil to 
be used, such as linseed oil, tung oil, or castor oil, in any 
desired proportion, in a high boiling solvent, by heating. The 
following arc recommended as suitable dispersing agents : 
benzyl benzoate, benzyl acetate, nitrobenzene, aromatic 
amines, phenols, benzyl alcohol, glycol diacetate, and so forth. 
After colloidal solution has been attained the solvent is distilled 
off, leaving a product which dissolves in the usual varnish 

' British Thoinson-Hoiiston Co., British Pat. 284,349; K. J. du Pont de 
Nemours & Co., U.S. Pat. 1, 667,189; C. (1928), II, 293. 

2 British Thomson -Houston Co., British Pat# 284,348. 

^ U.S. Pat. 1,529,056 (1924); C. (1925), II, 357. 

• * British Pat. 235,595 (1925); C. (1926), II, 1477; l^uiistsU, 16, 254 (1926). 

14 — (5647) 



202 


ARTimClAIj BESINS 


thinners, such as benzene, turpentine oil, and so forth. The 
films of the oil varnishes so produced are stated to be very 
elastic and durable, insoluble, infusible, and fast to oil and to 
heat. 

The suitability of these resins for the production of moulded 
articles is due to ^hc possibility of hardening, by careful heat- 
ing; without the ])roduc3tion of gas bubbles.^ In this connection 
various })roposals liave been made for tlie method of mixing 
the resin with fillers. Thus, Callahan- adds 13 to 18 per cent 
of naphthalene, anthracene, and so forth, in order to facilitate 
the impregnation of the fillers. Further, the insoluble, already 
hardened, products are caused to swell by treatment with suit- 
able solvents. J n this condition, not only can they be moulded,® 
but they can be mixed with fillers, pigments, and shellac. In 
the hitter case, after mixing, they are dried, ground, and finally 
moulded whilst hot.^ In order to facilitate mixing with fillers, 
compounded resins are also used, to which phenol-formalde- 
hyde resins,^ (jopals or colofdionj^® have been added. When 
additions of the latter kind are made, esterification of the free 
resin acids naturally occurs if, as recomnumdc'd, the resin is 
present during tlie condensation process, or the mass is subse- 
qucmily hardened. «]. G. E. Wright’ found that the soluble 
initial conchuisation products, to the solutions of which fillers 
may be added, an^ converk‘cl into hard, infusible ju'oduets by 
heating fta* a short peuiod (1 to 2 minutes) to high tempera- 
tures (about 240'^ (\) in the f)res^*nce of finely -divided metallic 
oxides or metals, such as iron, thus acccderatiiig the hardening 
])rocess considerably. In order to convert the initial condensa- 
tion product into a substance but very slightly i?'oluble in 

' TIuis, for oxain})U\ tlio i.s hoatod for soveral wooks to abou' 

125'* (^. : soo Hakrlitt' C’orp., Ik S. Vat. l,(ki‘klS3. 

- iks. Cal. (i<)i4). 

Hritisli Pat. 2M,77(i (H)12); Kiuistst,, 4, 7H (1014); I’lio British Thornsoii- 
Houstou Co. ; witii Toluoiie, Bonznio, Acotono, COiloroform, otc. 

L. WiMsberg, V.H. Pat. l,44;k03G (1021); fb 1408; Kunstst., 16, 

20:i (1020). 

L. W<‘i.sU‘rg, C.S. Put. I,44;h0;i5 (1021); 13. 00 (1022); British 

Thomson-Hoiistoii Co., Ilritish T^it. 250.040; Metropolitan A'ickors Klectrioal 
(^o., British Put. 25.2,510; C. (1028), II, 20.2. 

« V. Kilts, U.S. Pat. l,541„2;m (102.2); C. (1020), I, 707. 

MlritLsh Pat. 2.20,501 (1025); U.S. Pat. 1,581,002; C (1920), 11, 1473; 
Kunutfit., 16, 25*^1 020).<‘ 
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acetone, J . G. E. Wright and W. J. Bartlett^ recommend heat- 
ing it to high temperatures in a solvent of fairly high boiling 
point, such as diethyl phthallate. The })roduct so obtained has 
no longer a corrosive action on metals, such as copper, and 
after mixing with fillers, if required, may be converted into the 
completely insoluble final product by hoalii^ for a slu^rt time 
to 180® C. It is used for the jnoduction of electrically insula- 
ting coatings and objects 

It is found that these resins have been found to be especially 
suitable for the production of Micanite objects, that is, articles 
produced from consolidated powdercnl mica. In this case 
hardening can be effected at higher tem])eratures than can 
be employed with other binding agc'iits, such as phenol-form- 
aldehyde resins, shellac, and so fortJi. Consequently, the 
finished objects so produced are eoiTes]>on(lingly heat resis- 
tant, which, for exam})le, enables commutator cones to be pro- 
duced which will even withstand molten tin for a definite time.**^ 

The identification of glycerine-])hthallic acid resins offers nO' 
difficulty, as they are still suifi(*i(‘ntly saponifiable*, even after 
hard(*ning, for the products of saponification to be easily iden- 
tified in most cases. ^ 

Other Alcoholic Condensations. I>e liain**^ c-ond(*nsed 8 parts 
of phenol alcohols with 2 ])arts j)htlialli(^ acid or phthallic 
anhydride, by boiling the components in alcoholic solution, 
then distilling oft’ the alcohol and heating the residue to over 
100‘M.^ The resinous product so obtained was found to be 
soluble in alcohol, but became insoluble and infusible on further 
heating.*'^ 

Acconting to a recent process of L. T. Sutherland,^ phenol- 
alcohols are combined witli cyclic ethers of the polyatomic 

1 nmiKli Pat. 2:ir),r>Sl) (192r>); Frencli Pat. m)4,19S (1925); (\ (1920), II, 
1475; Kumtst., 10, 254 (1920); U.S. Pat. 1,0;U,969; A.P:.(;., Pat. 

44S,582; S«'1<1-ti Bnti.sh Pat. 281,742; (\ (1928), II. 221:1. 

“ A.K.G., Gf'rnian Pat. 401.4,85 (I92:i); llaiTm^or midi Pet»‘rs()ii, U.S. Pat. 
1,589,094. 

'» L. Woisborg arul K. S. J^>tt^‘r. V.S. Pat l,424,i:i7 (1922). 

^ Belgian Pal. 192,500 (1900). 

■'* According to (Iriftitli BroK. A' Ct). and K. J*. \j. Hntlon, Britisli Pat. 
209,97:1; (\ (1928), JJ, 29:i, anmiatic alcolniI.s, such as benzyl alcohol and 
cinnamic ah'ohol, also yi(4d n sins with HgSO,, etc. 

• « U.S. Pat. 1,52:1,459; C. (1925), J, 2202. • ^ 
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alcohols, such as formalglycerine, formalglycol, glycerine- 
acetal, glycol-acetal, benzalglycerine, or benzalTglycol, in the 
presence of basic or acid condensing agents. The products so 
obtained are liquid, semi-solid, or hard plastic masses, accord- 
ing to the conditions maintained during the reaction, which 
resemble in properties the phenol-formaldehyde condensation 
products and may be used technically for similar purposes. 

A resinous product may also be obtained from the oily 
by-product, consisting of alcohols and hydrocarbons, which is 
obtained in the catalytic reduction of carbon monoxide to 
methanol. The resin is produced by subjecting the by-pro- 
duct to the action of zinc chloride at high temperature and 
pressure.^ 

Complicated resins of an oxidizable character are obtained 
from a- and /3-naphthol and cyclohexanol in the presence of 
zinc chloride. 2 Crystallizable cyclohexyl-naphthols can be 
identified in the product. 

(X)Nl)ENSATJONS WITH A(UDS 

Condensations with Hydroxyacids. Aliphatic /5-hydroxy- 
acids and aromatic o-hydroxyacids possess the property of 
being easily transformed into cyclic anhydrides (lactides, 
salicylides). By the choice of suitable conditions or use of 
suitable condensing agents the reaction can easily be so con- 
ducted that mixtures of resinous character are formed. 

Thus, E. Zirnmermaim^ obtained a resin by heating lactic 
acid in a current of dry air or in a vacuum. At 100-150° C. a 
residue remains which deliquesces in the air, and which, on 
continuing to heat up to 150-200° C., is finally transformed 
into a hard substance, which, liowever, is still somewhat 
hygroscopic. 

Regarding the improvement in the properties of this product 
by treatment with formaldehyde, see page 177. 

On the other liand, the resins obtained by heating salicylic 

^ Bad. Anilin- \i. Sotla-Fabrik, (Jennaii Bat. 419,912 (1923); Frf*nch Pat. 
589,031 (1924); (1929), 1, 0^57. 

* Biirchard, Alborti, Ann,, 45(K 304 (1929); C. (1927), I, 1190. 

* German Pat ^305, 7 7b. 
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acid or the cresotic acids (p-liydroxy-derivatives), or mixtures 
of these with acid condensing agents, such as phosphorus 
oxychloride, acetyl chloride, acetic anhydride, phosgene, 
thionyl chloride, and so forth, are directly utilizable, being 
stable to water. ^ Their solubility in numerous diverse solvents 
is remarkable ; they arc not only soluble in»acetone, but also 
in aromatic hydrocarbons, turpentine oil, tetraline, and even 
in linseed oil. This circumstance, together with satisfactory 
fastness to light and to air, seems to indicate the suitability 
of these resins as materials for varnish manufacture. 

Substances similar to shellac can also be produced by the 
condensation of aliphatic or hydroaromatic hydroxy-acids. If 
suitable components are used, products are obtained which are 
both soluble in alkalies and capable of being hardened.^ 
Condensates from Acids and Naphthalene. Whilst carboxylic 
acids show no si)ecial tendency to combine with hydrocarbons 
in general, naphthalene shows an ay)preciable tendency to com- 
bine with a few such aidds. The y)roc(‘Ss which takes place 
presumably consists in the formation of a ketone, as benzoic 
acid and benzene reac^t to form benzophenone,*'^ and succinic 
anhydride forms ketobutyric acids with such hydrocarbons as 
fluorenc, anthracene, acenaphthene, dihydroanthracene, and so 
forth. ^ 

Thus a shellac-like })roduct is obtained from naphthalene 
and glycollic acid or glycollides,^ for examjde, by heating 120 
parts of naphthalene with 40 parts of glycollic acid in the 
presence of 10 parts of phosphorus pentoxide under pressure 
to 130~-1J0^ C. for about 15 hours. Carbon dioxide and carbon 
monoxide are formed as by-products. The reaction mixture is 

' Farbw. vonri. Moister, Jjuoius & hriining, Gennaii Pat. 344,034 (1920); 
C. (1022), JI, 5S0. On tlm other hand, the salieylicles obtained in a similar 
manner from pure raw materials, which are also of amorphous or resinous 
character, and wliich have been known for a long time, show a lirnitiMl solu- 
bility only; see Gerliardt, A)tn. 87 y 159 (1853); Sehr5der,Prinzhorn and Kraut, 
Ann.y 150y 1 (1809); W3y 219 (1872); 2/5, 43 (1888); /hr. .54, 2951 

(1901); 35, 3044 (1902); German Pat. 211,403. 

* Siemens & Halsko A. G., Gorman Pat. 449,275. 

3 M. Kollarits and V. Merz, Ber., 5, 447 (1872); 6, 536 (1873). 

« German Pat. 370,035 (1921); G. (1924), 1, 900; U.S. Pat. 1,547,280 (1921); 
C. (1925); II, 2298. 

* ® Kloktroohom. Werke G.m.b.H. (H. Bossliard atfid D. Strauss), German 
Pat. 354,864; G. (1922), IV, 397 ; British Pat. 171,950; G. (i^22), IJ, 709. 
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freed from unchanged naj)hthalene by steam distillation, and 
then forms a brown resin which softens at 80- 85° C. The 
phosphorus pentoxide may be replaced by phosphoric acid or 
by aluminium chloride. 

A similar formation of resin occurs on interacting naphtha- 
lene with oxalic Jlcid^ in presence of acid condensing agents 
(AICI3, 

Apart from naphthalene, halogenated naphthalenes may be 
caused to interact witli gly collie or oxalic acid, either concen- 
trated sulphuric acid or those substances already mentioned 
being used as condensing agents. - 

It should be noted that the various })roducts are insoluble 
in a,lkali(‘s, which inteiferes with their use as shellac substitutes. 

(CONDENSATION WITH ELIMINATION OF 
HALOOEN HYDRIDE 

Although from a theoretical standpoint condensations with 
elimination of halogen hydride are almost as important as 
those in which water is eliminated, they are of limited applica- 
tion only for the luoduction of synthetic resins. The reason is 
not that the reactions involved take })lace with more difficulty. 
Apart from tiu* fac^t that the raw matiuials are usually more 
expensive, the formation of large quantities of acid halogen 
compounds, which are often removable with difficulty or not 
at all, is a great disadvantage, for apart froni other difficulties 
and inconveniences, such as the necessity for comjdete absorp- 
tion of the halogen compounds, and the use of acid-proof 
apparatus, there is always the danger that injurious amounts 
of acid constituents may remain in the resins, or be formed 
by subsequent elimination, which would then lead to diffi- 
culties such as the corrosion of metals, and so forth. 

In condensation with elimination of water the formation of 
ethylene linkagei?i can frequently be anticipated, and imparts 
to the products a more or less pronounced tendency to poly- 
merization. This does not gcnt'rally occ*ur in the products of 
condensation with elimination of halogen h 3 Tlride. It is true 

^ Eloklrochoinischo Werko G.in.b.H. (H. Bossliard and D. Sirauss), 
(Jornuin TVU. 380,577; (1924), 1, 1715. 

2 Do. do. (}(<rmau Pat. 398,255; (\ (1924), 11, 1412. 
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that unsaturated compounds, which may possess polymerizing 
capacity, are formed, for example, by methylene chloride, and 
more generally by dihalogcnidcs of the formula K . CHXg, but 
the use of such halogen derivatives in place of the aldehydes 
(for example, of methylene chloride instead ( f formaldehyde) 
offers no advantage and is, in addition , far too»clear. The remain- 
ing halogen compounds which are possible for the production 
of resins all yield products which arc not polymerizable ; conse- 
quently the processes here to be discussed always yield I’osins 
which remain permanently soluble and fusible. 

Condensations of this character occur with special facility 
if halogenated fatty-aromatic or aromatic compounds are used 
as raw materials. The reaction usually requires the use of suit- 
able condensing agents, wliieli include alkalies, metals (Zincke^s 
synthesis)^ aluminium chloride (Friedel-Crafts’- synthesis), 
ferric chloride, zinc chloride, })hosplK)rus oxychloride, and 
cuprous chloride.^ The reaction proceeds in the well-known 
manner, according to which, for example, halogcm alkyl and 
benzene form an alkyl-benzene. Moie than one hydrogen 
atom of the benzene reacts, and it is ])ossible without difficulty 
to replace all six hydrogen atoms of benzcuie by alkyl. In the 
case of less highly substituted })rodu(;ts, mixtures (>f positional 
isomers or homologues are frequently ])roduced (in the o- and 
p-position), the products first obtained entering further into 
reaction. In addition the catalyst acts not only as a con- 
densing agent, but also by promoting the elimination of alkyl 
groups.^ This latter reaction occurs simultaneously, especially 
when snuill amounts only of aluminium chloride, for example, 
are used for condensations (tarried out at high temperatures, 
as is almost always the case in the manufacture of synthetic 
resins by such processes.^* For pundy synthetic reactions, 
molecular proportions of aluminium chloride are required. 

1 Th. Zincko, Ann., 161, 93 (IS72); 159, S73 (1871). * 

^Friodol, .1. M. Crafts, ('ompt. rend. Si, 1892, 1459 (1877); Her.* 10, 1180 
(1877). 

® J. Houboii, ArheitHmethodcn, A\, 808 (1925). 

4 F. Reindrl, F. Siognl, Her., 50, 1551 (192:i). 

« Cx. Sclirootcr and associates, Ber. 57, 1990 (1924); on llio theory of the 
•Friedel -Crafts synthesis, see the recfiit artielos by H. W5cland, L. U-ettag, 
Ber.^ 55f 2246 (i922); A. Schaarschniidt, Amjew., 8/, 286 ^^924). 
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As will be seen from the various possibilities of Reaction 
which we have just described, all the conditions are present 
for the production of products in a resinous condition, if the 
conditions of reaction are suitably chosen. In practice, more 
or less considerable quantities of uncrystallizable impurities 
are often obtainednn the course of ordinary scientific syntheses, 
employing these reactions. 

For practical resin production by condensation with elimina- 
tion of halogen hydrides, the following two classes of reaction 
are used — 

(а) Reactions of halogcnatcd hydrocarbons with one another 
or with non-halogenated products (hydrocarbons) ; 

(б) Reactions of halogcnated products containing oxygen, 
with one another, or the action of halogenated compounds on 
substances containing oxygen. 

According to reactions (a), therefore, mixtures of hydro- 
carbons are obtained (which still contain minute amounts of 
halogen), and according to reactions (b) products which still 
contain oxygen. 

Hydrocarbon-resin Mixtures. It must first be noted that the 
tendency to autocondensation of benzyl chloride under the 
influence of suitable reagents (for example, aluminium chloride), 
which has long been known, and which leads to the production 
of products of high molecular weight^ has been exploited tech- 
nically. The condensations between chloronaphthalenes, halo- 
gen addition j)roducts of hydrogenated naphthalenes and 
chloro-derivatives of p-cymol-^ presumably proceed in an essen- 
tially similar manner. ^ 

For example, 100 parts of benzyl chloride are mixed with 
0*5 parts of anhydrous ferric chloride. The reaction takes 
place on standing for some time in the cold, with evolution of 
hydrochloric acid, and leads to the formation of a dark-brown, 
porous, solid masy, which is purified by treatment with steam, 
then ground, and finally washed with hydrochloric acid in 
order to remove the iron. The resin so produced has a yellowish 

A J. BOesekon, Ber. Bef. 23, C. (1904), I, 1135; Zincke, Ber. 2, 739 
(1869); Onufrowicz, Ber., 17, 833 (1884); Prost, Ber., 19, 875 (1886); Rad- 
ziewanowski, Ber., 28, 1135 (1895); Nof, Ann., 298, 248 (1897). 

* P. H. Groggiifs, Ind. Eng. Chern., 20, 1130 (1928). 
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colour and dissolves in benzene, carbon tetrachloride, chloro- 
form, cyclohexanol and cyclohexanol acetate, but not in 
alcohol. The varnishes which may be obtained with such sol- 
vents form films which are very resistant to acids and alkalies, 
for example, to warm caustic soda solution of 40° Be. 

o-chlorobenzylchloride and chloromethyhiaphthalene may 
be used instead of benzyl chloride (or bromide). Ferric chloride 
may be replaced by the chlorides of aluminium or zinc, but the 
reaction then requires the application of heat.^ 

Technical chloronaphthalene mixtures are converted into a 
rosin substitute by melting and heating to 215° C., together 
with iron or other metallic catalysts, in a current of air or inert 
gases, by which means the constituents of low boiling point 
are removed.- 

Resins are also obtained by heating the halogen addition 
products of crude anthracene and phenanthrene, to which 
aldehydes may be added, in the presence of condensing agents.^ 
Resins are obtained by the action of metallic halides (AICI3, 
FeClg) on the halogen addition products of naphthalene or its 
derivatives, or from the halogen derivatives of hydrogenated 
naphthalenes, alone or in admixture with aromatic hydro- 
carbons. Condensation occurs in the presence or absence of a 
solvent. For example, 256 parts naphthalene are chlorinated 
in solution in 800 parts chloroform, and 20 parts of aluminium 
chloride are added to the crude mixture, containing the di- 
and tetra-chloride, after which this is boiled for several hours. 
After removing the solvent by steam distillation the tempera- 
ture is considerably raised, by which means transparent, brittle 
resins are obtained, which are soluble in benzene, oil of tur- 
pentine, and linseed oil, but insoluble in alcohol."^ 

Viscous or resinous products can be obtained from halogen 

^ Bad. Aiiiliii-u. Soda-Fabrik, (Jerinaii Pat. 280,377 (1913); 280,595 (1913); 
Kunsm., 4, 392 (1914); 5, 8 (1915); C’. (1916), I, 71 ; ('Jiem-Ztg. Hep. (1914), 
673; nee also (U*rmaii Fat. 320,729. , 

2 Deutsche Conservierungsges. in.b.H., (lermaii Pats. 327,704(1917) ; .332,726 
(1920); C. (1921), 11, 130, 743; Kunstst., 11, 0 (1921); U.S. Pat. 1,456,609; 
C. (1924), 1, 1716. 

® Bakolito (ios.m.b.U. and M. Florenz, •Gorman Pat. 420,443 (1922); 
C. (1926), I, 2253. 

• ^Aktien-Ges. f. Anilin-Fabr., German Pat. 3.32, ?,91 (1918); (\ (1921), II, 
662; Kunstst., 11, 94. 
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compounds containing the atomic grouping (R) . (Ri) : CH . X, 
in the presence of surface catalysts, such as fuller’s earth or 
kieselguhr at temperatures below ISO'^ C. The reaction may, 
if desired, be effected under pressure or in the presence of a 
solvent. Oils of all degrees of viscosity and resins of varying 
hardness may be obtained, according to the character of the 
raw materials and the other conditions, such as dilution with 
solvents. Thus, on heating ac.-l*2-dibromotetrahydronaphtha- 
lene to 100"^ C. in the presence of aluminium magnesium sili- 
cate, a resin is ol)tained which is soluble in most organic 
solvents.^ Among other suitable halogen derivatives, pinene 
hydrochloride and the mixture of aliphatic halogenides obtained 
by chlorinating solar oil in the cold are included. Very prob- 
ably free rovsidues, (R) . (R^) : C : are produced by the elimina- 
tion of halogen hydride and lead to immediate polymerization. 

Further processes of this character result from the inter- 
action of a hydrocarbon with a chlorinated hydrocarbon. 

Whereas oily products are obtained by the condensation of 
naphthalene and its derivatives with aralkyl halides, such as 
benzyl chloride, solid, resinous condensation products are 
obtained on using more highly halogenated derivatives of ben- 
zene bomologues, such as xylylene dichloride. Small amounts 
of iron or iron compounds, aluminium j)owder and bronze 
powder act as catalysts in this reaction.- The products are 
intended for purposes of impregnation,*^ or for the production 
of plastic masses together with cellulose derivatives. 

Aralkyl halides may also be cond(‘nsed with polynuclear 
aromatic hydrocarbons or their lialogen derivatives, with 
formation of oily or of solid resinous products in the absence 
of catalysts, or in presence of hydrochloric acid gas.*'" The 

^ Chomischc Fahrik auf Aktion (vonn. K. Schoniig), K. Freund, H. Jordan, 
Gorman I»at. 4I7,(>()7 (1921); f'. (1925), ]J. 2102; KunaM., 76*. 67 (1926). 

® Farbonfabr. vorm. Fr. Haver & Co., Gorman J^als. 601,713 (1916); 
302,621 (1910): d. (lfl2l). II, 32(i; (1921), IV, 619; 11, 29 (1921); 

see also Gorman Fat. 302,531. 

® German Fat. 302,531 (1917); KunstsL, 11, 38 (1921). 

German Fat. 336,470 (1918); KmwM., 11, 190 (1921). 

5 Farbw. vorm. Meister, Lneuis & Briining, German T*at. 410,904 (1920); 

(1925), n, 2101 ; KunsM. 16, 50 (1920). 

•Farbw. vorm. Meiste^ Jmeins & Briining, (Jerman Fat. 417,442 (1920);' 
C. (1920), I, 608. 
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oily products can be converted into solid resins by treatment 
with oxygen or air.^ It is advantageous to carry out the reac- 
tions at a raised temperature, in the presence or absence of 
catalysts, such as MnOa or FeCla. For example, in this manner 
a brown resin, easily soluble in linseed oil, aromatic hydro- 
carbons and acetone, is obtained from the* oily condensation 
product from naphthalene and benzyl chloride, by the action 
of air in the presence of manganese dioxide at 170- 190^^0. 
The resins are suitable for the production of weatherproof 
varnishes, also for insulating purposes in the electrical industry, 
and as additions to varnish oils. The products are considerably 
improved by treatment with formaldehyde or with reagents 
of similar action, in the presence of small amounts of zinc 
chloride, sulphuric acid or hydrochloric acid, so that they are 
suitable for use in the production of oil varnishes.- Products 
soluble in alkali, which are distinguished by very marked powers 
of froth formation, are obtained by the interaction of naphtha- 
lenesulphonic acids with benzyl chloride.® 

On heating a mixtur('> of equal parts of xylene and ethylene 
chloride to lOO-lSO'^O. in the presence of 2 to 3 })or cent of 
aluminium chloride, oily products are first produced, with evolu- 
tion of hydrochloric acid, which are converted into resins on 
further heating. Th<\se are purified by washing and steaming.^ 
Catalysts of large surface development, such as fullers' earth, 
franconite, tonsil, and so forth; are used by E. Frennd and 
H. Jordan® for the condensation of compounds of the aromatic 
series, such as naphthalene, xylene and the phenols of low 
temperature tar, with organic halogen derivatives, such as 
naphthalene tetrachloride, acetylene tetrachloride and acetyl 
chloride, with formation of resinous products. These hydro- 
silicates arc alleged to offer the advantage over those catalysts 

^ Farbw. vorni. Mei«ter, Lucius & Briiiuiig, (iorinau Pal. 400, .'U 2 (1922); 
C. (1925), J, m;KunM., 75, 84 (1925). 

2 T. G. Farb-niml. A.-G., (iarman Pat. 440,9!t9; C. (1927). JI, 140&. 

’ 1. O. Farbtminil. German Pal. 43(1,981 ; see alao T(!tralin G.in.b.H., 

Gorman Pat. 319,799. 

** Badischo AiiiJin.-u. Soda-Fabrik, Gorman Pat. 320,729 (1918),* Kunslst.^ 
10, 214 (1920). 

• * British Pat. 202,997 (1923); Clicmi.sclui Fabrijc auf Akticn (vorm. E. 
Scheriiig); (\ (1925), 1, 1455; German Pat. 417,007 -8. • 
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ordinarily used, that they are easily separable from the products 
of reaction, and do not lead to the formation of discoloured 
resins which are unstable in the air. For example, a hard 
resin, soluble in carbon tetrachloride, acetone, ethyl acetate 
and benzene hydrocarbons, and insoluble in alcohol, which 
softens at 65° C., fs obtained from naphthalene and naphtha- 
lene tetrachloride in presence of 01 per cent of fullers’ earth 
at 60-1 20*^ C. The resin obtained with the phenols of low 
temperature tar is very soluble in alcohol. 

Formation of Oxygenated Products. The oxygenated con- 
densates here to be considered, differ mainly from the condensa- 
tion products from hydrocarbons by their solubility relation- 
ships. Thus, the presence of phenolic hydroxyl groups is 
associated with solubility in alcohol and in alkali, as is shown, 
for example, by the instance of the product from low tempera- 
ture tar phenols referred to in the final paragraph of the 
previous section. 

On treatment with chlorine of phenols methylated in the 
nucleus, at temperatures above 100^ (I, or on heating the chlor- 
inated phenols under reduced pressui*e, resins are obtained 
which are soluble in alcohol, acetone, ether, and alkalies. Pro- 
ducts of this character containing a high percentage of chlorine, 
are soluble in benzene hydrocarbons only. The resins are used 
for the production of dark or black varnishes, and are strongly 
bactericidal.^ 

A brittle mass, soluble in alcohol, is also obtained by the 
action of halogen on wood tar.- 

Resinous products arc also obtained by the treajpient of 
fats, oils, and waxes with chlorine.^ The oxidized paraffins 
behave similarly, and are easily chlorinated in solution, with 
formation of highly elastic, but hard resins.'* 

Mixtures of phenols with halogenated naphthalene, or with 
halogenated hydrt>genated naphthalenes or with derivatives of 
the samb, are condensed under the influence of metallic halides 

^ Chem. Fabr. vorin. Weiler-t^r Moer, (lerrnaii Pats. 355,173 (1920), 355,174 
(1920); C. (1922), IV, 'Sm i Kurmtst., 13, 21 (1923). 
a Riodel, Gorman Pat. 320,620 (1918); C. (1920), IV, 136. 

® Boohringer & SOhne. ^lennan Pats. 256,856, 258,156. ^ 

^ I. G. Farbeniif&. A,-G., German Pat. 451,116. 
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(FeCla, AlCls) in the presence or absence of a solvent, forming 
resins which are not only soluble in benzene, chloroform, lin- 
seed oil, and oil of turpentine, but also in alcohol.^ Thus, phenol 
is heated to 100° C. with a solution of tetrachloronaphthalene 
in tetrachlorethane in the presence of ferric chloride. 

If phenols alone are used, aralkylphenols are obtained by 
interaction with aralkyl halides, which interact with form- 
aldehyde, and so forth, in the same manner as the original 
phenols. The product obtained from commercial cresol and 
chlorobenzyl chloride is soluble in linseed oil, and its solution 
in that solvent can be converted into a resin which can be 
hardened, for example, by hexamethylene tetramine.^ 

Oily or soft condensation products are obtained, by heating 
in the absence of catalysts, from benzene derivatives halogen- 
ated in the side chain (benzyl chloride) and aromatic hydroxy- 
compounds (phenols).^ On warming with phenols in the pres- 
ence of small qiiantities of metallic halides (ZnClg, AICI3), aro- 
matic hydrocarbons replaced by more than one halogen atom 
in the side chain, of the type Ar . CHXg, (diminate halogen 
hydride with formation of resins, which are very soluble 
in caustic alkalies, alcohols, benzene, toluene, and chloro- 
form, but very slightly soluble in alkali carbonates.^ The 
products correspond to those obtained from aldehydes and 
phenols. 

Resinous or plastic products are obtained from compounds 
of the type (R) . (R^) : CH . X, where R and R, represent 
monovalent residues of any kind, in the presence of aldehydes, 
ketones, or phenols, by elimination of halogen hydride under 
the influence of suitable reagents such as fullers’ earth. If 
formaldehyde or its derivatives are used, infusible substances 
are obtained. Other aldehydes, ketones, or phenols yield 
fusible products.^ 

^ Akt.-(ais. f. Anilin-Fabrikation, Gomiaii l*at. 334, ’JIO (1918); C, (1921), 
II, 964 ; Kunsm . , 1 1 , 94 ( 1 92 1 ). 

* I. O. Farlx^iiind. A.-G., Gorman Fat. 446,999. 

* Kalle & Co., German Pat. 346,384 (1917); C. (1922), II, 1140. 

^ Dynamit-A.-G. vorm. A. Nobol & Co., Gorman Pat. 355,389 (1920); 
C. (1922), III, 441. • 

® Chemische Fabrik auf Aktion (vonn. E. Schoring), E. Fround, H. Jordan, 
•German Pat. 417,668 (1921); C. (1925), II, 2102. • 
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The proposal has recently been made^ to improve the proper- 
ties of artificial oils and resins by treating them with aralkyl- 
halides in the presence or absence of catalysts. The aralkyl 
residue enters the aromatic nucleus, leaving any available 
hydroxyl groups intact. The products show increased viscos- 
ities or higher softening ]K)ints, improved fastness to light, and 
solubility in linseed oil or aromatic hydrocarbons. The follow- 
ing products may be treated in this, manner : phenol-formalde- 
hyde condensation products, phenol-sulphur resins, oily reac- 
tion products of xylene with formaldehyde, cumaroiie resin, 
naphthylamine-acetaldehyde resin, and so forth. 

(CONDENSATIONS WITH FIXATION OF SULPHUR 

AND ELIMINATION OF HALOCiEN HYDRIDE OR 
HYDROOEN SULPHIDE 

As is well known, sulphur dyestuffs are formed on heating 
substances of tlu^ most varied character, usually aromatic, 
with reagents capable of su])plying sul])lnir.“ These dyestuffs 
are almost always mixtures of substances which mostly j)ossess 
high molecular weight, and are distinguished by almost com- 
plete absence of any j)ower of crystallization. Black, blue, 
red, yellow, or brown ])roducts are obtained, according to the 
character of the raw materials and the method in which the 
reaction was (‘fleeted . The dyestuff character is associated with 
the j>rosenc<* of (certain ring formations, such as thiazol (yellow 
and brown dyestuffs), thiazine (bhu^ and black dyestuffs), 
azine (red dyestuffs), and so forth, and also with the presence 
of auxochromic groups, such as 

NH2 , on . NioiL)., 

and so forth. The substances which have been found especially 
suitable for the production of such dyestuffs are p-dihydroxy- 
benzenes, toluquinone, pyrocatechin, dihydroxy naphthalenes, 
naphtoquiiione, amino- and aminohydroxy-benztmes and sim- 
ilar substances. On the other hand, the condensation products 
of phenol itself and of the hydrocarbons, whieli are equally 

^ [? (». Farbt'iiind. A.-(},, (Jerrnan Pat. 444,109; (1927), 11, 750. 

^ Otto Lang(j^ />?'(* K<<d\wfJvlJaih8tojJt\ 2, Aufl., Leipzig (1925). 



KE^IN-FORMll^G CONBEKSATIONS 


216 


easily prepared, show no dyestuff character. ^ Together with 
yellow and brown products they, therefore, serve- as promising 
substitutes for resins and as plastic; masses on account of their 
cheapness. 

According to Mohlau,- the reaction between phenol and sul- 
phur consists first in the entry of the meicaptan group in the 
o-position to the hydroxyl group, with formation of mer(;ap- 
tans, which then form polysulphides : 



\S 




H,S 


Thus, on heating phenol with sulphur to 100 11 5^' C. until the 
evolution of hydrogen sulphide ceases, a mixture of yellowish 
to intensively yellow substances is obi-ainod, which are insolu- 
ble in strong sulphuric acid and in organic solvents, excepting 
pyridine bases and phenol , and which are readily soluble in alkalies 
only. From this mixture of various (x to 8) sulphur-containing 
products the most stable can ])e isolated, namely, the well- 
known phenol-o-disulf)hide of Haitinger.*^ The sulphur present 
in the form of ])olysuiphides is capable of further reaction, and 
links the various molecules together with further evolution of 
hydrogen sulphide. Under suitable conditions, such as high 
temperature, these i)rocosses continue until the whole of the 
available sulphur has been utilized and stable disulphide chains 
have been formed. Ihuler given conditions of reaction, the 
tendency of the chains containing more sulphur to (;hange to 
those containing loss'* continues until those compounds are 
formed which happen to be the most stable. 

Apart from the formation of sulphur chains there is sometimes 
the possibility of ring formation, including merca})tan sulphur 
as one of the ring-forming elements (especially in cases in 
which dyestuffs are formed). 

This latter tendency is particularly marl^ed when sulphur 

^ German I’at. 1 -.‘i, 012 ; from brown dyeHtuffs ; German Pat . 102,897. 

^Chem.-ZUj. (1907), 9;{7; see G. Schultz, Jl.‘ Beyschla^/, Her., 42, 743, 753 
1909); B. Holinlvrg, Bvr„ 43, 220, 220 (1910). 

® Monatsh,, 4, 103 (ISS3). • 

J. Bloel), F. Hohii, G. Buji:^e, ,7. prakt. Chnn.^ 82, 743 (1910); Ber., 41, 
1901, (1908). . 
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chloride is used, which primarily forms sulphides with phenols, 
hydrocarbons, and so forth, with evolution of hydrochloric 
acid. Thus phenol and sulphur chloride form dihydroxydi- 
phenyldisulphide. On the formation of ^-naphthol sulphide from 
/3-naphthol and sulphur chloride and its conversion into naph- 
thoxine, see, for example, Lesser and Gad ;^ on the formation 
of thianthrene delivatives and their disulphides by the inter- 
action between p-xylene or guaiacol and sulphur chloride, see 
Monmohan Sen and Inancndra Nath Ray.*^ 

It seems to follow from the whole character of the reaction 
that when sulphur chloride is used the primary products of 
the reaction are able to interact further in the same manner, 
not only with ring formation, but also with chain formation 
and increase of molecular magnitude. Apart from the forma- 
tion of disulphides, partial chlorination may also occur. 

As may be deduced from the reactions described above, the 
conditions for resin production arc present if the reaction is 
suitably carried out. The conversion of the raw materials into 
insoluble masses, which may be capable of being hardened, is 
dependent on the presence of suitable quantities of sulphur 
or sulphur chloride ; the storage of sulphur in the primary 
products in the form of polysulphides appears to be character- 
istic of these conditions. The solubility of the products is 
greatly influenced by the proportion of sulphur in the reaction 
mixture. 

Condensation of Phenols with Sulphur* The production of 
artificial resins from phenols and sulphur has been especially 
developed by the Gesellschaft fiir chemische Industrie, of 
Basle. It was found that the melting point and dtegree of 
hardness of the resulting resins increased with the quantity 
of sulphur used, whilst their solubility in the usual solvents 
was simultaneously diminished. The condensation of phenols 
with sulphur is effected by heating in the presence of basic 
materials, to which accelerators may be added, consisting of 
halogens or halogen compounds. Heating is continued until 
the evolution of hydrogen sulphide ceases. The most various 

^ Bvr.. 6H, 25,11 (1925); 56\ 963 (1923). 

2 r. (1922), I, 818; (1926), 11, 893. , 
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basic substances are used, such as inorganic hydroxides, 
hydrosulphides, carbonates, acetates, aromatic amines, and so 
forth. ^ 

The resins which are so produced are odourless, strongly 
adhesive, and light coloured in a thin layer only. They are 
very soluble in alkalies, alcohol, ether, acetone, and benzene, 
but insoluble in aliphatic hydrocarbons and their halogen 
derivatives and in acids. On further heating, with or without 
pressure, these resins are converted into infusible products 
which are insoluble in the ordinary solvents. The same effect 
can be achieved even better by similar treatment after the 
addition of sulphur, formaldehyde, hexamethylenetetramine, 
and so forth. From these properties the utility of these con- 
densation products for the manufacture of varnishes and 
moulded articles is obvious. Wlnm they are used for the pro- 
duction of casts, that is, in the molten form, without solvents, 
the addition of considerable quantities of amines or amine 
resins as fillers is recommended. 

The phenols which are used comprise phenol itself, its homo- 
logues and substitution products, a-naphthol, /?-naphthol, 
pyrocatechin, lesorcin and pyrogallol.*^ The products from 
polyvalent phenols are distinguished by peculiar solubility, 
being insoluble in benzene hydrocarbons, but more or less 
soluble in water, in other respects, they behave in a similar 
manner to the resins from monovalent phenols. 

As an example of the method of operation, a mixture of 
47 parts phenol and 32 parts sulphur is melted in an apparatus 
provided with a reflux condenser ; 1 part of potassium hydro- 
sulphide m then added and the mixture heated to 130 -140° C. 
The reaction, which is effected at a gradually rising tempera- 
ture, is finished when the evolution of hydrogen sulphide ceases. 
A viscous, liquid resin is obtained, which solidifies on cooling 

^German Pat. 400,242 (1920); f/. (192.5), I, 1261; soe also Dutch Pat. 
7,538; O. (1923), II, 337; Gorman V&i. 379,003. 

2 Ges. fiir chem. Industrio, French Pat. 637,207 (1921); C. (1922), IV, 894; 
British Pat. 186,107 (1921); C. (1923), II, 256; U.S. Pat. 1,4.35,801 (1922); 
Blumfelclt, Kmistst., 14, 42 (1924); Swiss Pats. 92,408; C. (1922), IV, 1088; 
94,801, 95,186-7, 95,328-9; C, (1923), 11, 411«; 104,016; C. (1924), II, 1280; 
105,856-106,858 ; C. (1926), I, 261. On the use of the acid oils from high and 
fow temperature tars, see C. Ellis, U.S. Pat. 1,636,696; C. (1928), II, 294. 

15 — (5647) 
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and which is soluble. On further heating to 150-180° C., the 
resin is converted into the infusible and insoluble form. 

Derivatives of the above-mentioned resins have been obtained 
by treatment with acylating agents such as p-toluenesupho- 
chloride,^ by which means the free phenol-hydroxyl groups 
are caused to interact with the acid residues, resulting in deep- 
seated changes in the solubility relationships. The esters, 
which are also pale yellow to brownish yellow resins, are no 
longer soluble in alcohol or in alkalies ; they are, however, 
soluble in chloroform, ethylene chloride, mixtures of aliphatic 
and halogenated or hydrogenized aromatic hydrocarbons, and 
in a mixture of acetone and alcohol. With the help of suitable 
solvents, such as benzyl alcohol and cyclohexanol, they can 
be incorporated not only with linseed oil (to form linseed oil 
varnishes), but also with cellulose esters and with rubber, and 
can thus be utilized for very varied purposes. 

A further improvement of the properties of the resins 
obtained by the action of suljdnir on phenols, containing 20 to 
25 per cent of sulf)hur, is alleged to be effected by treatment 
with inorganic or organic bases, such as cyclohexylamine, 
which may bo carried out in the presence of diluents or solvents, 
and may also be combined with the action of formaldehyde. 
The resinous products so obtained, which may be further im- 
proved by the addition of substances to confer elasticity, such 
as beeswax, and so forth, re.semblo natural shellac and are, 
therefore, especially intended for use in polishes. The covering 
power, fastness to light, and lustre of the polish are stated to 
be equal to those of natural shellac. The colour of the new 
resins is the same as that of bleached shellac, but“ they are 
stated to be still harder. - 

Condensation of Aromatic Amines with Sulphur. Primary and 
secondary aromatic amines, with the exception of p-toluidine 

^ Ctoh. f. elmn. liitkistrio in Basel, French Pat. 6t)8,S40 (J923); British Pat. 
2i)3,3l0 (1923); Swiss Pats. 103,432 (1922); 103,244-^103,247 (1922) ; (1924), 

Jl, 1280; 106.471 106,473; 109,651 109,657; German Pat. 418,498 (1923); 
(\ (1926). I, 251. 

* Oes. f. rh-Mii. Ind., Bas»'l, Gorman Pat. 431,599 (1923); British Pat. 
221,205 (1924); French Pat. 685,379 (1924); Austrian Pat. 103,227 (1924); 
Swiss Pat. 107,626 (1923); C. (1926), 11, 1466; Kunstst. 16, 254 (1926); 
Farbe und 1927), *^286. 



RESrN-FORMINCI CONDENSATIONS 


219 


and the N-alkylated anilines, form resinous condensation pro- 
ducts when heated with a quantity of sulphur larger than 
that required to form the monosulphides. ^ The reaction may 
be effected in the presence of catalysts such as iodine. The 
resins are soluble in acetone, but more or less insoluble in 
alcohol, benzene, and so forth. On using ny>re sulphur than 
is required for the production of the products just referred to, 
more or less insoluble products arc formed, which are hardened 
by further heating. Whilst I molecule aniline and 2 mole- 
cules sulphur, on heating for 32 hours to 185-220° C. form a 
pale yellow, soluble resin, which softens above 15° C., on heat- 
ing 1 molecule aniline and 3 molecules sulphur for 21 hours 
to 185-250° C. a yellowish brown product is obtained, which 
softens at above 100° C. and is no longer completely soluble in 
acetone, and which becomes quite insoluble and infusible on 
further heating. The sulphur contents of the resin tirst described 
are 36*5 per cent, and those of the second 44*08 per cent. 

Condensation of Various Substances with Sulphur. h\ 
Hassler*^ j)roductvs (condensation products from aromatic hydro- 
carbons and sulphur, which are intended for use as resin sub- 
stitutes, A resin-like product is also obtained from phenyl 
sulphide and sulphur on prolonged heating.^ A substance 
used for impregnating, and known as Toron, is produced in 
America from turpentine oil and sulphur.'* It is very soluble 
in hydrocarbons, and is probably similar in many respects to 
factis, which is also produced by the action of sulphur. Sulphur 
is also used, not only for tlui vulcanization of rubber and 
similar products, but also for producing a similar effect on 
numerous*artifieial products, a subject which we arc unable to 
discuss here. 

^ CJos. f. cliem. Industrio in Basel, Gomian Pat. 401,IOK (192,*}) ; Swiss Pats. 
104,667; 104,933- 104,035; (\ (1925), I, 308; U.S. Pat. 1,654,856; C. (1928), 
I. 1809. 

2 German Pat. 409,713 (1920); C. (1925), I, 2730; Gorman Pat. 407,994. 
On products from antliracouo oil and sulphur, sec German Pat. 330,970 (1919) ; 
Kuiiatst., 11, 55 (1921); Gorman T*at. 332,888 (1919); on products from 
unsaturato<i hydrocarbons and suljdnir' or S^CIj, sco Gardner, U.S. Pat. 
1,446,039; Kunatst. 75, 26 (1925); from phenol, naphthaleiH anthracene, 
and so forth, or mixtures of thost^-, with sulpln;^’ and S 2 CI 2 see Cntler-Hamrnor 
Mfg. Co., U.S. Pat. 1,616,741 ; G. (1928), 11, 497. 

• ^ Krafft, Lyons, Her., 29, 436 (1896). 

• Pratt, U.S. Pat. 1,349,909 (1920); C. Ellis, Synthetic HeaPlia, 317. 
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Condensation of Phenols with Sulphur Chlorides. Both suh 
phur monochloride, SgClg, and sulphur dichloride, SCI2, react 
very easily with phenols, with liberation of hydrogen chloride 
and formation of resins containing sulphur. As early as 1887 , 
Tassinarini^ observed that in the reaction between phenols 
and sulphur dicbloride, which is conveniently effected with 
reduced violence by the use of a diluent, such as carbon disul- 
phide, resinous products of the character of disulphides are 
produced in addition to dihydroxydiphenylsulphide. 

Apart from phenol, such resins were formed by p-bromophenol, 
trichlorjjhenol, the nitrophenols, o- and p-crcsol and thymol, 
slowly by /?-naphthol, but very easily by a-naphthol. 

liecent investigations of these resins were carried out by 
(J. Ellis, ^ who found that the properties of the resins were 
very greatly dependent on the proportion of sulphur chloride 
which was \ised. The larger the proportion of sulphur mono- 
chloride (82^^12) phenol, the harder, more infusible and less 
soluble were the resultant resins. It was also found that for 
the production of a resin of a definite hardness, solubility, and 
so forth, phenol required considerably more sulphur chloride 
than cresol. Whilst the resins with a lesser proportion of sul- 
phur are soluble in alcohol, benzene, acetone, sulphur, phenol, 
aniline and aqueous solutions of caustic alkali, with increas- 
ing proportions of sulphur tlie solubility in alcohol, benzene, 
and acetone gradually disappears, and the products are soluble 
in sulphur, phenol, aniline and caustic alkali solutions only. 
If the proportion of sulphur chloride is increased to 350 per 
cent, products are obtained containing 60 per cent of sulphur, 
which are practically unattackable.^ 

The production of a resin solubk' in alcohol is carried out 
approximately aS follows p-cresol, for example, is dissolved 
in toluene, and sulphur monochloride, S2CI2, is gradually added 

1 (Jaz, vhim. ItaL, 17,, HS, 90 (1887). 

* Synthetic Resins, ]>. 311. 

“ C. Kllis, U.S. Pftt., I.«(f3,l(i0; C. (192«), II, 816. 

* C. EKis. U.SrPat. 1,564,002 (1922); C. (1926), I, 2628. 
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to the amount of times the weight of the cresol. After the 
evolution of hydrochloric acid has ceased the solution is main- 
tained at 150° C., whilst air is blown through it for half an 
hour, by which means the remaining hydrochloric acid, the 
toluene, and any traces of evil-smelling chlorophenols or 
similar substances are removed. The resin dissolves easily in 
methylated spirits with a dark-brown colour. By adding 
syrupy phosphoric acid to the alcoholic solution the colour is 
changed to pale yellow. The alcoholic solution of the resin 
is used for the production of acid-proof coatings, on w^ood for 
example, which are unattacked even by fuming sulphuric acid. 
It can be dyed by all classes of dyestuffs. 

A similar product has also been proposed for the manufac- 
ture of oil varnishes. 1 

By the simultaneous action of sulphur halides and acylating 
agents on phenols and naphthols, with or without the presence 
of water, aqueous alkaliesor other solvents or diluents, sulphur- 
containing esterified resins are obtained, which are completely 
identical with those obtained by condensation with sulphur.*-^ 

Certain derivatives or transformation products of the con- 
densation products obtained from sulphur chlorides and phenols 
are used as mordants in dyeing and also in tanning.^ 

Condensation of various Substances with Sulphur Chlorides. 

Resins obtained from aniline and toluidine with sulphur 
monochloride were investigated by (J. Ellis.'* With sufficient 


1 C. Ellis, IT.S. Pat. 1,557,519 (I92J); (192t)), I, I.3()J. 

On its uso as a plastic* mass, with tlio addilion of small amounts of stearin 
l>itch (proforably in the form of a solution), hoc Cutler- Haminor Mafg. Co. 
and G. ,1. \^tapok, U.S. Pat. 1,574,771 ; (1920), I, 113. 

(jOS. f. rhem. Industrie m Basel, Gcimrian Pat. 425,798(1924); Swiss Pats. 
109,068; 109,651 109,657 (1923); C. (1926), 1, 2863; French Pat. 568,840; 
C. (1924), TT, 1280; U.S. Pal. 1,588,439; C. (1927), I, 190. 

» Gorman Pats. 389,350, 406,675, 436.523, 437,977; C. (1924), Tl, 762; 
(1925), 1, 1670; (1927), 1, 188. 3229; British Pats. 232,958, 242,974, 248,007; 
U. (1926), 1, 3944; 11, 2945; (1927), I, 3229; French Pat. 596,301. and patent 
of addition, 30,997; 6*. (1926), I, 3949; (1927), I, 3229,* U.S. F>at. 1,563,014; 
C. (1926), I, 608. 

* Synthetic Resins^ p. 314; includes bibliography. On nature of reaction, 
see Claus and Krall, Ber., 4, 99 (1871); Smith, 8^ 1445 (1875); Schmidt, 
Ber., .9, 1050 (1876); 77, 1168 (1878); Hanirnann, Ber., 10, 403 (1877); 72, 
681 (1879); Holzmami, Ber., 19, 1570 (1886)*; 27, 1636, 2063 (1888); Kym, 
^er., 21, 2807 (1888); 23, 2458 (1890); Michaolis, Ber., 28, 165 (1895); Neik, 
.7. Ohem. Soc. Tranit., 119, 1166 (1921); CoUoy, Rec, trav. chiigi,. 40, 747 (1921). 
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proportions of sulphur chloride, brittle, insoluble resins were 
obtained, but the products do not offer any opportunity for 
technical exploitation. 

Resin-like and rubber-like substances can be obtained by 
the action of sulphur monochloride or of selenium chlorides 
on aromatic hydTt)carbons in the presence of metals or metallic 
chlorides, if vigorous action is promotc^d either by the use of 
large proportions of sulphur chloride, or by increased applica- 
tion of heat, or by prolonged duration of the process. ^ The 
nature of the catalyst is of special importance. Thus, from 
benzene and sul])hur monochloride, in presence of iron or ferric 
chloride, a swollen, rubber-like, insoluble substance is obtained. 
In presence of aluminium chloride resins are formed, which are 
very soluble in benzene and other organic solvents, and which 
are converted by the further action of sulpluir chloride into 
substances soluble in carbon disulphide only, and finally into 
products which merely gelatinize without dissolving. It is not 
stated to what ext(^nt sulphur is combined in this reaction, or 
whether the processes which take p]ac(‘ are mainly of a chlorina- 
ting character, followed by condensations. 

The well-known juocesses of factis manufacture and the 
vulcanization of rubber are also condensations with sulphur 
chloride, in which the raw' materials arc mainly natural products, 
such as fatty oils or india-rubber. Oorresponding treatments 
are also imparted to artificial resins such as anhydroformalde- 
hyde aniline,*^ cumaronc resin, ^ aldehyde resin, polymerides 
of vinyl-derivatives,^ and so forth. 

Condensation with Liberation of Hydrogen (Q:iddation). 
Resinous condensation products are obtained by the oxidation 
of aromatic hydrocarbons, and especially of phenols, under 
suitable conditions. The essential resin-forming reactions are 

^ DiiboiH, Kailfmaiin. (Jerinan Pat, 372,004; (\ (1923), IV, 000. 

2 BOhlor, Oorrnau T^at. 317,207 (1918); C. (1920), II, .340; Kwistst., 10, 21, 
ir>0, 215 (1920); (lornian l*a<, 3.35,984; Kunsm.. 77, 1 18, 142 (1921). 

« Lender, Oennan Pat. 277,005 (1913); (1914), 11, 742; Kunstst., 4, 35 

1914); Dutch Pat. 1.38 (1914); Awfew., 27, II (1914); Schlatter, U.S. Pat. 
1,294,838 (1919). 

* Elektrizitatswerk, Lonza A.-G., Swiss Pat. 89,004 (1920) ; 13, 45 

(1923). 

* Consortium f ^olektrochern. Ind., British Pat. 261,748; C. (1927), I, 1892. 
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probably nuclear condensations, which occur in a manner 
analogous to that of the following examples. 

Phenol may be oxidized by permanganate to form p-di- 
phenol 

2 . OH -H, - HO . (\.H, - CgH^ . OH ; 

jS-naphthol is oxidized with condensation by ferric chloride in 
aqueous^ or ethereal^ solution to form /^-dinaphtliol : 


. OH 

-V I ^pvria 


o 


HO . 


8 




2Ha 


It is to be expectc^d that, as in the corres])0 riding pyrogenic 
condensations, considerably more than two molecules may be 
united to form a single complex. Another circumstance which 
may assist rcsinification is the possibility of various oxidation 
processes other than those leading to nu(;lear condensation. 
Thus it may be assumed that hydrocarbons are oxidized to 
phenols,^ and also to quinonic compounds such as dipheno- 
quinones,^ oxides, or peroxides,® and so forth, in addition to 
degradation products of lower molecular weight. The course 
of the reaction is naturally greatly dependent on the choice 
of oxidizing agent.’ 

Apart from nuclear condensation, condensation through two 
phenolic hydroxyl groups, with elimination of water, may also 
occur and may promote resin formation. 

Three methods have been proposed for the production of 
resins from phenols by oxidation, which differ by the oxidizing 
agent used. 


lA. P. Dianin, J. prakt. Chem, (lS«a), S75 ; Ber. 75, 1104 (1882); H. 
Goldstem, Ber., 7, 7:14 (1874). 

2 A. P. Dianin, Ber.. 0, 1252 (1873). 

» V. Merz, W. Woitli, Ber.. 14, 2:145, Footnoto (1881); H. Waldon, Ber., 
15. 2166 (1882); J. Houbon, Methodcti. 11, 782 (1926). 

^ F. Fichtor, C. (1024), II, 28:12; Ono, ./. Chem. Sov.. .Japan. 42. .‘18 (1921). 

® K. V. Aiiwers and co-workors, Ber.. 3H. 226 (1905); 41. 2.3:i2 (1908); 
57. 1270 (1924). 

® R. Puinmorer and c*o-workers, Ber.. 5H. 1808 (1925); ,5.9, 2101 (1926). 

On clectrochoinical oxidation procosstis, seo F, Fichtor, Trans. Amer. 
Electr. Soc.. 45. 20; C. (1924), II, 2832; according to whioh phenols form 
nuclear condensation products with a suRiciently low current concentration 
only, forming various dihydroxydiphenyls and products of higher molecular 
weight whicli could not Ixi identiliod. * % 
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According to ¥. Fischer,* resinous or bituminous substances 
are obtained from phenols, acid tars or tar oils by oxidation 
with oxygen, or with gases containing oxygen, at high pressure, 
for example, with air at 40 atmospheric pressure at 200° C. 
The process can be carried out in the presence of aqueous 
alkalies or acids, ot in the presence of catalysts such as iron, 
or of diluents such as hydrocarbons. Thus, for example, from 
o-cresol in the presence of NH2SO4 at 150° C., a hard orange- 
coloured resin was obtained, soluble in benzene and in alcohol, 
together with a brown product, insoluble in benzene, and 
small quantities of substances with dyeing properties. The 
latter are evidently fuchsine derivatives, which are formed 
by the condensation of cresol with aldehyde produced by 
oxidation. 

Air or oxygen at the ordinary pressure has also a resinifying 
effect on cresols or xylenols^ in the presence or absence of 
catalysts, such as manganese dioxide or ferric chloride. For 
example, a current of moist air is led through o-cresol for 10 
to 12 hours at 150-170° (-. in the presence of 0-2 per cent of 
manganese dioxide, after which unchanged cresol is removed 
by steam distillation. According to the duration of the treat- 
ment and the temperature, hard, dark-brown to black sub- 
stances are obtained, which are soluble in ether, alcohol, 
acetone, benzene, and so forth, but insoluble in cold turpentine 
oil and in dilute sodium carbonate solutions. 

Pummerer® obtained resinous products from phenols and 
homologous products by moderate oxidation with such sub- 
stances as potassium ferricyanide or ferric chloride. By the 
action of alkalies, acids or heat the products so obtained either 
become soluble in alkali or are further polymerized. By reduc- 
tion, colourless products are obtained, which can be converted 
into products insoluble in alkali by alkylation or acylation. 

1 British Pat. 149, 979 (1920); (\ (1921), 11, 75; Kunstst. 1U 15 (1921); see 
also F. Fis(‘hor, Ehrhanlt and Schrader, Ues. Ahhandlungeu zur Kenntnis d. 
Kohle, 4, 280, 293 (1919); C. (1921), 11, (»06; German Pat.’ .347,521. 

* Chomische Werke Grenzach, A.-G. ; German Pat. ,357,750; C. (1922), IV, 
956. 

3 British Pat. 165,408 (1921); C. (1921), IV, 1014; German Pat. 370,083; 
a. (1923), 11, 1000; Swiss Pat. 98,315; C. (1923), IV, 070; Austrian Pat/ 
94,215; C. (1924)f- 1, 274i: French Pat. 5.^7,336. 
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The products yield viscous, colloidal solutions with benzene, 
ether, and so forth. 

VARIOUS RESIN-FORMING CONDENSATIONS 

Resinifying processes occur in the course of innumerable 
condensation processes, usually as a mere* auxiliary to the 
main reaction, which can, however, often be converted into 
the main process by suitable choice of the conditions of reac- 
tion. In the majority of cases this is, of course, of no prac- 
tical importance, and, consequently, we will deal below with 
such reactions as do not belong to any of the classes already 
discussed, and the practical application of which for resin 
production has been proposed in the patent literature or 
elsewhere. 

Resin from Phenols and Thionyl Chloride. SOaClg.^ On con- 
densing 2 molecules phenol with more than 1 molecule thionyl 
chloride in concentrated sulphuric acid, with cooling, resins of 
high melting })oint are obtained, which are soluble both in 
the usual aliphatic solvents, such as alcohol, and also in alkalies, 
even when dilute. 

Resins Produced with Aromatic Sulphochlorides.*^ Salts of 

resinic acids (colophony), humic acids, lignoceric acid, or 
soft pitch, anthracene oil, and so forth, also products which 
contain phenolic substances, are caused to react with sulpho- 
chlorides, such as p-toluensulphochloride, purified and dried. 
The resins so obtained have a high melting point, are stable 
to air and light, and are soluble in the ordinary solvents and 
also in h;jdrocarbons and in linseed oil. 

Resins from Phenols and Lead Oxide.^ The basic lead 
phenolates, which are easily prepared, can be obtained in 
amorphous form. They dissolve readily, in benzene for example, 

^ Farbw. vorm. Meist-er, Lucius & Bniniiig, German Pat. 302, .383; C. 
(1923), II, 921. 

2 Melamid, German Pat. 380,825; Austrian Pat. 150; British Pats. 
133,712-3 (1919); Kunatat., JO, 68, 158 (1920); French Pats. 518,100-1; C. 
(1921), IV, 301, 1192; Swiss Pat. 91,567; Norwegian Pat. 32,166; 

p-toluenesulphochloride, obtained as a by-product of saccharine manufacture, 
is an especially cheap product, wdiich has fpimd many applications in the 
manufacture of synthetic resins; see W. Herzog, Kunatat., 16, 105 (1926). 

» 3 F. Fischer, Fhrhardt, Oea. Ahhamll. zur Kenntnia der Kohlt, 4, 264; C. 

(1921), II, 854. ' % 
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and might therefore be used as coatings, as rust preventatives. 
Their use for such purposes is open to the objection that they 
crystallize very readily, especially those obtained from phenols 
of low molecular weight.^ 

Resin from Carbolic Oil or Creosote Oil.^ Resins are formed 
by treatment of carbolic oil or creosote oil with concentrated 
sulphuric acid. 

l^ins from Phenols and Terpene Hydrocarbons.^ Oily and 
resinous condensation products are formed if phenols, especially 
naphthols, are treated in the presence of catalysts with terpene 
hydrocarbons, such as turpentine oil, ethereal oils, or unsatur- 
ated synthetic hydrocarbons of the general formula 

The following catalysts may be used : 

HCl, HBr, Hr, 

oxalic acid, suIi)honic acids (es])eeially p-toluenesulphonic acid), 


AICI3, FwOlg, Z11OI2, 


silicates, such as Florida earth and fullers’ earth, chlorine, 
bromine and iodine. The reaction results in the formation of 
phenolethers and terpenylphenols. The resinous products dis- 
solve in hydrocarbons. 

Resinous products soluble in benzene and in oils are obtained 
by the action of aldehydes on the condensation products of 
phenols and unsaturated hydrocarbons, such as terj^nes, and 
so forth. ^ 

Resins from Hydrocarbons. Certain hydrocarbons, such as 

^ On t lio nse of na])hthoTiatos, bucIi as zinc naphthenate, as jiaints and 
plastic masses, st‘o German Pat. (1021) of C. .lilger, G.m.b.H. ; KunaUt., 

14, 28 (1924); (’. (1924), I, 298. 

iiOhom. Fahrikon Worms, A.-G., British Pat. 166,668 (1921); C. (1921), 
11, 808. • 

« H. Wuyts, French Pat. 639,494; C. (1923), IV, 961; KunaUL, 13, 125 
(1923); U.S. Pat. 1,469,709; C, (1924), I, 1717; German Pat. 396,106; ( 7 . 
(1924), 11, 1028; also Brit isli, Pat. 204.764; see also tho investigations of 
W. Schrauth and K. Quasobarth {Bar. 57, 864; G. (1924), II„ 326) on the con- 
densation of cyclic licxoi\es with phenol. < 

* Bakolite Ges#m.b,H.* German Pat. 340,989. 
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tetra- and deka-hydronaphthalone, show the projierty of rup- 
ture of the ring under the influence of alternating currents, 
followed by re-combination of the flssion products. The pro- 
ducts are subject to autoxidation, and the process must there- 
fore be conducted in an atmosphere of nitrogen. They can be 
used as varnish oil substitutes.^ * 

* Sionions & Halske, A.-G., and H. IWker, liritisli I’at. 275.801$: Freiieli 
Pat. 622,474. 
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CUMARONE AND ALDEHYDE RESINS — ^THE COMMERCIALLY 
IR^PORTANT SYNTHETIC RESINS 

Introdaction. Although, as will have been gathered from the 
preceding chapters, the number of possible methods of artifi- 
cial resin production is extremely large, a few main processes 
are alone used at present in technical use. The reason is to be 
found in the fact that the profitable manufacture of artifi- 
cial resins must be based on cheap raw materials, which are 
available in ample quantity. The number of possible raw 
materials is for this reason very limited. The quality of the 
products must also be satisfactory, and this is not easily 
achieved, but necessitates very careful development of the pro- 
cess in all its details, the results of which are, for the most 
part, naturally not published. An approximate idea of the 
very large amount of work which has been carried out may 
be gained by an inspection of the patent literature of the 
subject, but it must be remembered that patent specifications 
must not be judged by the same standards as ordinary scientific 
publications. 

For these reasons the following descriptions must be recog- 
nized to be incomplete. Even the practical manufacturer only 
acquires special knowledge of all details in special cases, as it 
is impossible to investigate all the proposals and improve- 
ments in practice. On the other hand, questions of plant design, 
which are kept very secret, play a very important and some- 
times a decisive part, as the general experience that laboratory 
and works results are two entirely different things, is nowhere 
more true than iq artificial resin manufacture. 

Although certain quantities of artificial resins are used which 
are manufactured by methods other than those described here 
(for example, glycerine-phthallic acid resins, sulphur resins, 
and so forth), it may be maintained that much more than 
90 per cent »t the* ordinarily used products consist of: (1) 
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Cumarone resins, (2) Aldehyde resins, or (3) Phenol-formalde- 
hyde resins, of which the Cumarone resins form the main por- 
tion, whilst the consumption of aldehyde resins is limited. 
These three clavsses of resins will first be discussed, and a dis- 
cussion of (4), urea-formaldehyde condensates, the importance 
of which is rapidly increasing, will follow. ^ 

All four types of resin have this in common, that they are 
produced from cheap materials, some of which are, moreover, 
available in almost limitless quantity. This is not absolutely 
the case with regard to phenol-aldehyde resins, as acid tars 
(phenols) are not available in sufficient quantity for the quan- 
tity of resin })roduced with them to be increased indefinitely, 
although in case of need the production could be expanded 
by the production of low temperature tar. The raw materials 
for cumarone tar are available in ample amount, namely, at 
least 50,000 to 60,000 tons annually. Aldehyde resins are 
transformation products of acetaldehyde, which can be pro- 
duced in unlimited amount from carbide ; urea can be produced 
in indefinitely large quantities as a product of the synthetic 
nitrogen industry, and there are no limits to the possible pro- 
duction of formaldehyde since the development of the synthesis 
of methanol from water-gas. 

In these directions the classes of resin just named have 
advantages over any possible competitors, which could with 
difficulty be met. With regard to products which enjoy similar 
advantages with regard to raw materials, such as phenol- 
sulphur resins, the quality of the products is the deciding 
factor. 

Cumar&e Resins. The production of cumarone resins is the 
largest manufacturing example of a resin-forming polymeriza- 
tion. The raw material used is the mixture of polymerizable 
substances contained in Solvent Naphtha (11). According to 
the investigations of Kraemer and Spilker,^ these are primarily 
Cumarone (1), Indene (2), also Styrol (3) an3 its homologues, 
and Cyclopentadiene (4). The power of polymerization of these 
substances has already been discussed (pages 87 el seq. \ 115 

• »Ber., 23 , 78 , 84 3169 3269 ( 1890 ); 29 , 652 ( 1896 ); 33 , 2257 ( 1900 ); 34 , 
1887 ( 1901 ); 36 ’, 646 ( 1903 ). ,, 
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et seq,)^ and therefore the technical development of the process 
will alone be discussed here. 
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The foundation of the process is the observation that cumar- 
one and indene are polymerized by concentrated sulphuric acid 
with formation of resinous products. The application of this 
discovery to the above-mentioned fraction of crude benzole led 
to the technical cumarone resins. The properties of these 
products vary extremely with the character of the raw material 
and of the method of manufacture. Thus, at the present time, 
almost 40 qualities of cumarone resin are sold, varying from 
super-pale and elastic qualities to dark-coloured to black 
‘‘ residues ” of liquid consistency.^ The reason for this variety 
is, that as already indicated, the cumarone resins are funda- 
mentally by-products which accumulate during the necessary 
purification of the heavy benzole fractions. Their character, 
therefore, depends to a very great degree on the care with 
which the distillation processes and the polymerization of the 
“ impurities are conducted. A special difficulty arises from 
the fact that the production of the pale, hard products is only 
possible by using exceptional care in vspecial a})paratus, whilst 
the price obtainable for cumarone resins, at least in Gk'nnany, 
usually renders such precautions unprofitable. 

Manufacture of Cumarone Resins. The desired result is the 
production of a pale, hard resin, fast to light and to air. The 
many proposals which have been made for this purpose will 
now be discussed in connection with the various stages of the 
actual manufacturing process. 

The general outline of the process of manufacture is as 
follows.. The raw material, the composition of which greatly 
affects the quality of the product, is a coal-tar fraction of the 
character of Solvent Naphtha (II), which is first freed from acid 

^ German “ War Commission for Fata and Oils ” ( 1916 ); Kunatat.y 9y 190 ^ 
( 1919 ). , 
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and basic constituents and otherwise pre-treated and dried. 
The actual polymerization then follows, usually by intimate 
admixture with small quantities of concentrated sulphuric acid. 
On standing, the acid, which contains resin in solution, settles 
to the bottom and is removed. Any remaining acid is then 
neutralized, the solution washed, and the constituents which 
have not reacted, containing the cumarone resin in solution, 
are distilled, leaving the resin as a residue in the still. The 
quality of the resin therefore depends on — 

1. Quality of the solvent naphtha fraction. 

2. Purification or })re-treatment of the raw material. 

3. Method of polymerization. 

4. Separation of the acid rosin. 

5. Neutralization and washing of the na})htha after poly- 
merization. 

6. The distillation process. 

7. Any subsequent treatment of the resin so obtained. 
Quality of the Solvent Naphtha. On treatment with sul- 
phuric acid of the crude solvent naphtha products, previously 
freed from bases (pyridines, quinolines) and phenols, as was 
formerly always done in order to obtain benzoles which would 
not discolour or form resin on standing, a brownish black, 
semi-liquid mass is obtained, for which scarcely any technical 
use can be found other than the manufacture of fire-lighters. 
Valuable resins can only be obtained by treating individual 
fractions. The following summary of the resins obtainable from 


Rbsin 


Faction 

Percent ago 
of Hesidue 

Character 

Up to 160° (\ 

4-9 

Viscous liquid* 

160-180° C 

20*3 

Hard 

180-200° C. 

3.^)*0 i 

Elastic aijd hard 

200-220° C 

i 12*7 1 

Soft 

220-240° C 

I 4-2 

Very viscous; .sorni -solid 

240-260° C. 

6*4 

Non*resinou8 oil 


^ On the U8> of such a jirodnct as a lubricant, Oennan Pat. 363,291; 
C. (1923) II, 28U. ^ 
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various coal-tar fractions,^ previously freed from bases and 
phenols, is due to E. Glaser.^ 

Apart from homologues of benzene, which predominate, 
the above fractions contain the following polymerizable sub- 
stances — 


Fraction under 1 60® C 
168-17^“C 
„ 176-182®C.a 

„ J«5-200°C.* 

„ 200-210® C.'i 

„ 2] 6 225° C/' 


Styrols and cyclopontadiene 
Cinnarono (b.p. 172® C.) 
Jndene (b.p. 182® C.) 

Moth yJ rum arones 
Methyl indeiios 
I )irn(H}iylrurnaronoR 


Of these substances cyclopentadicne forms insoluble, black 
resins on treatment with strong sulphuric acid, and styrol 
viscous oils of high boiling point. The homologues of cumarone 
and indene cause the production of soft products when poly- 
merized together with cumarone or indene. The individual 
substances may, of course, respond to varying degrees to the 
action of a polymerizing agent, with the formation of products 
of varying molecular weight ; this fact causes many difiSculties 
in technical practice. 

The use of the fraction boiling at 150-200^ C. has also been 
proposed for the manufacture of cumarone resins;’ but in 
order to obtain valuable products the raw material must be 
limited to the fraction of boiling point 100-180° C.. which is 
characterized by the presence of cumarone and indene, as 
recommended by Wendriner,^ Rabinovitz,-* and others. The 
indene, which is contained in this fraction, is characterized by 
exceptional activity, leading to a very high degree of poly- 
merization. It is, however, easily sulphonated by the sulphuric 
acid employed as a catalyst. Moreover, indene a«Ld indene 

^ On tlio suitability of low tmnperaturo tar for tho production of cumarone 
resin, soe Gluud, Breuer, Ges. Ahhandl zur Kenntnia d Kohle, 3, 238 (1918); 
C (1919), IV, 1071. 

2 Montan. Jtundschan. i/, 635, 668, 704, 736, 776 (1919); C (1922), IV, 81. 

“ Kraomer Spilkcr Bvr., 24, 3276 (1891). 

* Stoermer, Ber., 3Q, 1700 (1897). 

» Boes. Ber., 35, 1762 (1902). 

• Stooriner, Boes, Ber., 33, 3013 (1900). 

^ E. Glaser, Brennstoffehetnie, 2, 116 (1921). On resin jjroduction from the 
fraction 190-240® C., roo British Pat. 156,688 (1921) ; Chetn. Met. Eng., 24, 984 
(1921); with strong sulphuric «cid. 

» German Pat. 270,993 (1912). 

•U.S Pat. 1,^6,062 (il922). • 
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resin have an especial tendency to autoxidation^ and to conse- 
quent discolouration. For these reasons it has been proposed 
that curnarone and indene should be separated by fractiona- 
tion and converted into resins separately, in which way a resin 
of the highest quality would be obtained from the curnarone.'^ 
The process would, however, presumably be unprofitable in 
view^ of the low’ prices obtainable for curnarone resin of even 
the highest quality, which are, in turn, due to the overwhe^lm- 
ing competition of colophony. The normal raw material for 
the production of products of high quality is, therefore, that 
fraction of solvent na2)htha which boils at 100-1 80'^ (\, j^ossibly 
including fractions boiling iq) to 185° C., it being of importance 
for the quality of the resin that the fractionation shall be 
carried out as carefully as ])ossible.^ 

A variation is introduced by the use of raw’ materials con- 
taining jihenols, as in that case the ])roducts are soluble in 
alcohol.^ 

Purification or Pre-treatment of the Raw Material. The sol- 
vent naphtlui fractions are first freed from acid and basic 
constituents*^ (Xihenols and ])yridines) in the usual manner. 
The i)res(mce of these would deteriorate the resin and involve 
the use of an increased quantity of sulphuric acid for poly- 
merization. After washing with water the material must be 
dried, in 'order that the sulphuric acid subsequently used as 
a catalyst shall not be diluted or otherwise changed to an 
uncontrollable degree. Suljdiuric acid is used for drying, the 
j>ro|)ortion and strength of which must be so chosen, with due 
regard to the quantity of water remaining, that on mixing 
an acid is^obtained which is not too strong and will therefore 
exercise no polymerizing elfec^t. As a general rule, about 3 to 
5 litres of sulphuric acid of 00° Be aiv. required }jer metric ton 

^ W^'gor, HiUniann, Bar., J6', t>-K) (1903); (^iainiciaii, Silbcr, 46^ 417 

(1913). 

^ KocIj, Farbp utui Ijirk (1925), 579. • 

’’Regarding technical variations, sot* Di'utscli-Luxoinburgische Bergwerka- 
und Hutton A.-O., S. Hil])ort, Oernmn I*at.. 341,693, 3H9,232. 

* Riitgorsworko Akt.-Go.s., Gorman Pat, .302,543 (ioi7); (1920), 11, 131 ; 

Kunstst., 9, 318 (1919). • 

® For example, with 4”/;, of sulphuric acid of 50° Be; Darrin, U.S. Pats. 
1,297,328 (1919); 1,326,579 (1919). 

26— (5647) 
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of solvent naphtha J J^ead-lined or earthenware vessels are 
used for the operation, as iron is strongly attacked. 

As the fractional distillation of solvent naphtha and separation 
of fractions especially suitable for ciimarone resin manufacture 
is accompanied by certain inconveniences, a pre-treatment has 
been found advantageous, which is based on the fact that the 
substances leading to the formation of the dark resins are more 
easily polymerized than cumarone and indene. Thus, for ex- 
ample, ^ a solvent naphtha fraction, or mixture of fractions, 
boiling at 135-230^0., is pre-polymerized with an insufficient 
quantity of sulphuric acid (0-1 to 0-5 per cent of GO -GG'' Be). 
On subsequent distillation the substances which form the 
inferior qualities of resin remain behind in the resinified condi- 
tion, so that a regular fractionation of the remainder is facili- 
tated and the actual cumarone-indene distillates yield excep- 
tionally pale and hard resins. It is advantageous so to blend 
the various qualities of solvent naphtha for this purpose that 
the yield of cumarone resin is about 30 per cent. 

In a similar manner a solvent naphtha of boiling point 140- 
200° C. can be freed from cyclopen tadiene and styrol by pre- 
polymerization with a deficiency of sulphuric acid. On subse- 
quent distillation a dark resin is left, whilst the distillate 
yields pale products, even when aluminium chloride is used as 
a catalyst,’^ 

The products so obtained are of a pale amber yellow colour, 
odourless, free from phenols and from the salts of organic 
sulphonic acids, and evolve practically no sulphur dioxide on 
dry distillation. The acid value of the resins is ()-25-0'40: the 
saponification value, 4-0 -G*0; iodine value, 5*0-25^per cent; 
ash contents, O-Oo-O-o per cent ; melting point, 90 lOO"^ C. The 
resins yield films which do not become clouded on contact with 
water. 

iMillor, U.S. l»at.- 1,300,665 (1920); C. (1921), Tl, 267; KunsM., 12, 31 
(1922), , 

* The Barrett Com})any, German Pat. 400,0.30 (1920); Kunstst., 15, 11 
(1925); G. (1924), 11, 2429; British Pat. 142,806; G. (1922), IV, 466; Kunstst, 
11, 6 (1921); French Pat. 514,759; KunstsU, 12, 70 (1922). 

* The Koppors Company (a'Ssigned by H. C. Kams), U.S. Pat. 1,541,226 
(1917); O. (1925), II, 2103; Kunatat., 16, 75 (1926); British Pat. 132,229; 
Kumtat, 10, 79,(1920). 
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The Polymerizing Process. The solvent naplitliu fraction, 
which has been purified and dried as indicated above, is then 
subjected to the action of polymerizing agents, among which 
sulphuric acid of a definite strength is preferred. Sulphuric 
acid of 66° Be is ordinarily used in the proportion of 3 to 5 
per cent, on the assumption that the solvent iiaphtha fraction 
contains 30 to 40 per cent of polymerizable constituents.^ Jf 
pale resins are to be produced, the reaction, which is strongly 
exothermic, must be moderated by cooling and by gradual 
addition of the acid, so that the temperature may not rise 
above 20° For the production of resins of the best quality, 
the upper permissible temperature limit and the cpiantity or 
concentration of the sulphuric acid are inter-related. Thus, 
M. Wendriner^ recommended the use of 0-25-0-40 volumes per 
cent of sul])huric acid of 66° Be at a reaction temperature of 
40-50° C. Tf weaker sulphuric acid is used softer resins are 
obtained, w hich are also darker on account of the higher reac- 
tion tempeiatuT‘(‘ which is then necessary. Thus, in an older 
patent specification,'^ Wendriner described the use of 3 to 5 
volumes per cent of sul])huric acid of 60° Be which are mixed 
with the solvent naphtha. aft(T which 0*25 volumes per cent 
of sulphuric acid of 66° Be arc gradually added, whilst the 
materials are intimately mix(‘d and gradually raised to a tem- 
perature of 110-120° (I When using acid of 46-48° Be a vis- 
cous oil is obtained as the polymerized product, after separating 
the acid (which can be recovered without loss) and after dis- 
tilling off the portions which have not entered into reaction ; 
this oily polymerizate can only be used aftei* distillation, by 
which it is separated into an oil and a resin suitable for varnish 
production.^ But the use of sulphuric acid of concentration 
greater than 66° Be, or in larger })roportions of that strength 


* Miller, U.S. Pal. (1920). 

* Barrott Co., Corman Pat. 420,405 (1920); (\ (1920)T I, 1.300; Kunatst., 
76, 76 (1926); P, Miller, U.S. Pat. 1,360,665 (1920); Kunslnt., 72, 31 (1922); 
V. (1921), 1 1, 267 ; P. Miller, Barrott Co., British Pat. 100,148 (1920) ; (\ (1921), 
IV, 132; Knnstst., 12, 46 (1922). 

* Gorman Pat. 281,4.32 (1913); 5, 33» 279 (1916); C. (1915), I, 232. 

German Pat. 270,993 (1912); C. (1914), I, 1131 ; KunatsL, 5, 278 (1915). 

* Demant, British Pat. 179,610 (1921). • 
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C. Ellis, ^ who found that silver oxide was very active, whilst 
zinc chloride- and anhydrous tin chlorides were less active.^ 
Iodine, phosphorus trichloride, chromic acid, hydrochloric acid, 
ammonium dichromate, formaldehyde and potassium hydrox- 
ide were without effect. 

According to other processes polymerization is effected by 
heating under pressure, with or without catalysts, such as 
copper, silver, gold, or platinum.^ The velocity of polymeriza- 
tion may be controlled by dilution of the solvent naphtha with 
lighter fractions of boiling point 130 -150° C.^ 

Separation of the Acid Resin. After polymerization is com- 
pleted the batcli is allowed to stand for a short time, during 
which a mixture of acid resin insoluble in solvent naphtha and 
of acid separates, which must be carefully removed, as other- 
wise any acid resin which became mixed with the cumarone 
resin would result in black coloration and poor solubility. 
The acid resin obtained with sulphuric acid of 66° Be is viscous, 
and its separation from the oil is attended with more or less 
difficulty, ft usually amounts to 1 to 2 per cent of the solvent 
naphtha used,^ 

Neutralizing and Washing the Solvent Naphtha after the Poly- 
merization. After the removal of the acid resin, the solvent 
najffitlui whitdi contains the cumarone resin in solution under- 
goes several washing and neutralizing operations, the sequence 
and number of which may vary, and which must be com- 
plet(»d by thorough washing with water. If this washing is 
incomplete salts are left in the resin, which attack the still 
during the sid)sequent distillation and deteriorate the quality 
of the resin considerably. (See page 241 ef seq.) 

^ J. fmi. Kw/. (linn.. .V, 797 (1919) ; News, 116, 104 (1917); Ellis and 

Rabinovitz. Anqcw., 3’J. 72 (1919). 

2 Stoormt^r, Ann., 312, 244, 264 (1900). 

3 E. Stern, Angeuu, 32, 247 (1919). 

‘‘Sperr, Damn, U.S. Pats. 1,2()3, 813 (1918) ; 1,296,776 (1919); Canadian 
Pat. 184,890 (1918) ; 'British Pat. 123,806 (1918); see also U.8. Pat. 1,314,613 
(1919); K. Coppers Co., Freneli Pat. 491,997 ; KunsM., 10, 198 (1920). 

^ Captliomo, Tannehill, XT.S. Pat. 1,353,220 (1920); J, Jnd. Eng. Chem., 8 , 
797 (1916). 

Ellis, Syntlu'tir llcsins ftnd Their Plastics, p. 60 ; the acid resin is 
s€'parat-ed from the sulphuric acid by addition of water; on the recovery of 
the waste acid, see Lunge and KOliler, Steinkohlenteer uvd Ammoniah, Fifth 
Edition, Vol. I, f^p. 874 et seq. See also E- (llaser, Seije (1919), No. 9-10, 
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Neutralization may be effected, for example, by caustic soda 
solution of specific gravity 1*2 or 1*3, or by a solution of sodium 
carbonate or other substances. Capthornei proposes the inter- 
ruption of the polymerization at any desired stage, by the 
addition of ammonia. On neutralizing and washing with dilute 
alkali solutions or water, stable emulsions ^are often formed 
which render the completion of the desired operations difficult 
or impossible. As even traces of remaining acids or salts cause 
discoloration during the subsequent distillation and have other 
bad effects on the quality of the resin, various proposals have 
been made for avoiding the formation of such emulsions. F. H. 
Meyer- neutralizes by mixing anhydrous, very finel 3 ^-powdered 
carbonates of the alkali or alkaline earth metals, to which a 
small amount of sodium or barium peroxide may advan- 
tageously be added, to the acid resin solution with vigorous 
stirring. After 12 to 24 hours the salts have separated com- 
pletely, after which the clear resin solution may be further 
treated. Salt solutions are then recommendcKi for washing, in 
order to avoid the formation of emulsions*'^ and also washing 
with hydrochloric acid,^ and finally warming to 70 80° C. 
Clark M. Dennis^ recommends dilution with j)urified solvent 
naphtha before washing. It is alleged tliat the formation of 
emulsions can be avoided with more certainty than by the 
methods just referred to, by tlie use of electrical or centrifugal 
separation, by the addition of certain colloids and by the use 
of other processes which impede emulsification.^ 

The Distillation Process. After neutralizing and washing, 

^ K. Olastfr, lirmnstnjjchvm., 2. 115 (1921). 

Ulerinan Pat. 294,107 (1910); Knnst»L. (5, 20.3 (1910); ('■ (1910), IJ, 707; 
Walpole, British Pat. 145,415 (1920); Kunnlst., 11, 15 (1921). 

» Wtulo, British Pat. 160,818 ( J 920) ; The Barn'tt Co., Fron^-h Pats. 520,850, 
521,678 (1920); C. (1921), IV, 872, 2069; Oorman Pat. 352, .'>20: P. Miller, 
U.S. Pat. 1,. 395, 968 (1921); 20<»;, sodium chloride solution, C. (1923), IV, 729; 
Kunstst, 13, 125 (1923); Roberts and Kh odes, U.S. Pat. 1,413,558 (1922). 

* Barrett Co., Miller, British Pat. 149,982 (1920) ; C. (f921), JT, 75 ; Kunstst., 

11, 15 (1921); Miller and Rhodes, British Pat. 160,148 (1920); IJ.S. Pat. 
1,365,423 (1921); C. (1921), II, 75 (267,563); Canarlian Pat. 217,332 (1922); 
French Pat. 514,759 (1922); KvnstHL 72, 70 (1922) ; Miller, t^.S. Pat. 1,360,666 
(1920); see also French Pat. 524,238. • 

♦ * The Barrett Co., U.S. Pat. 1,468,440 (1919); O. (1924), I, 251. 

• Farbe und Lack (1926), 605; Furness, J, Soc. Chem. Ind,p33, 1000 (1923). 
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the non-polymcrized constituents of the solvent naphtha, which 
hold the resin in solution, are distilled. The distillation may 
be more effectively conducted by the aid of direct steam, or 
reduced pressure, or both.’ After the solvent naphtha, naph- 
thalene distils over, and the water in the coolers must then be 
kept warm ; finally, a heavy oil is driven over, which is prob- 
ably a polymer of indenc, and which boils at 820-330° C. at 
the ordinaiy [)ressure. Distillation is continued until a sample 
of the residual resin shows a sufficiently high melting point. 

As has been re-established by 0. Schneider, ^ if pale, hard 
and elastic resins are to be obtained the temperature must be 
kept low, not only during polymerization, but also during 
distillation of the solvent naphtha. According to a communica- 
tion by C. Ellis, the experience of varnish makers shows that 
cumarone resins cannot be exposcxl to temperatures above 
275° (I without bec^oming dark in colour. 

Before the distillation of the solvent naphtha additions may 
already be made, for example, of natural resins, drying oils, 
waxes, and so forth, in order to render the final product more 
suitable for the j)roduction of varnishes, varnish oils, and the 
like.'"’ 

After-treatment of the Resin. Various proposals have been 
made for im])roving the properties of cumarone resins. Thus, 
Singer** purifies enuk^ cumarone resins by treatment with 
alcohol acetone or chlorinated hydrocarbons. C. KniippeP 
treats the })olynu‘rization ju-oducts of cumarone and indene 
with a powerful current of air at a comparatively high tempera- 
ture for three to six hours, whilst in a state of fine division, 
thus obtaining a harder product. Lender*’ heats with sulphur 

niabinovitz, P.S, l*al. (1922); (\ (1922), IV, 590; Kunstst., 

42 (1924); Canadian Pat. 2o;i,10() (1920). 

^ Bvr. dvr Ovs, fur Kohlvntvchuik (1921), 39; C. (1922), 11, 329; Roe also 
Wondrinor. Gorman Pat. 281,432 (1913); Kuustst., 5, 279 (1915). 

» Choin. Fabr. Worms A.-G., GormiMi Put. 348,088 (1909); C. (1922), II, 
704; L( lulc’ir, Kocb, GKM’man Pat. 245,034 (1911); U.S. Pat. 1,019,000 (1912). 

^ Norwrjjian Pat. 29,034 (1918). 

» Gorman Pat. 253,437 (191 2) ; Iv 3, 88 (1913); 5, 279 (1915); see also 
Schwarz, Gorman Pat. 322,802 (1918); C. (1920), IV, 410; Kun^tst., lOy 204-5 
(1920). 

* (Jerftian Tat. 277,005 (I9i:!); C. (1914), II. 742; KuiialKt., 4, 335 (1914); 
Dutch Pat. 138 (1914); Anqew.y 27, 11 (1914); see also Solilattor, U.S. Pat. < 
1,294,838 (1919). 
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or sulphur chloride under pressure. According to another pro- 
cess the sulphur of cumarono resin is reduced, and the hard- 
ness increased, by treatment with concentrated sulphuric acid 
in the presence of solvents.^ Crude cumaronc resins, which 
contain the sulphonic acids of aromatic hydrocarbons, may be 
hardened by melting with basic compound^ such as NaOH, 
Ca(OH) 2 , MgO, ZnO, and so forth. It is not known to what 
extent processes of tliis nature are used in practice. Any sensi- 
tiveness to water, caused by the presence of sulphonic acids, 
can be removed by heating with 1 to 2 per cent of sulphur. 


I^ROPEHTIES OF (TTMARONE RE81NS 

Cumarone resins represent mixtures of various highly poly- 
merized substances, which vary fairly considerably in char- 
act('r, according to the composition of the raw material and 
the degree of care used in pj*od notion, more especially in the 
distillation. The varying j)ro])erties of commercial cumarone 
resins are due to the de])endence of the polymerizing process 
on many factors. The better qualities consist almost exclu- 
sively of polymers of cumarone and indene, wlulst the poorer 
qualities also contain polymers of their homologiu‘S and of 
cyclopentadiene, styrol, and other products. Marcusson^ was 
able to establisli certain relations between the composition and 
proj)erties of these resins. Thus the colour de])ended on the 
proportion of constituents insoluble^ in acetone (acid resin). It 
was also found that the melting point of the resins was highest 
when they contained the least quantities of constituents soluble 
in ether-tScohol, which are presumably low melting polymers 
of indene and styrol condensation products with benzene homo- 
logues, or liigh boiling tar oils. On the other hand, the melting 
point rises with increase of the constituents insoluble in ether- 
alcohol, such as paracumarone and paraindene, of high melting 

^ Riitgorsworko, (Jcrinaii Pat. .32.5,, (lUlS); C. (1920), 606,* «oo also 

Marcusson, ('hem.-ZAij., 43, 109 (1919). 

“ Kllis-Foster Co. (assij»:tuMl by Kllis), U.S. Pat. 1,. 570, 584 (1917); (7. 
(1920), 1, 2852. 

• 3 Chem-Ztq., 43, 9.3, 109, 122; (1919). IV. 14; Mitivil. aus dc.m Matcrial- 

priifmigs-Afnt, 38, 09; (1921), IV, 123IK 
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point. The behaviour of the various qualities of resin is sum- 
marized in the following table — 


SEPARATION OF (iUMARONE RESINS BY SUCCESSIVE 
TREATMENT WITH ALCOHOL-ETHER ANT) ACETONE 
to Mar(Tjss()n {loc. cit.) 



• 

H^liavionr witli 

Insoluble in 



Alcohol -Ht her 

Acetone 

Quality 

Kxt(MTial 






No. 

Cliaractors 

Soluble 

Insolubh' 

Organic 

Inorganic 



<> 



% 


Vory Hard- 





1 

Pale 

47 

63 

0 

0 

2 

Palo brown 

48 

62 

0 

0 

5 

Hlack 

tu 

17 

8*3 

7 


Hard 





6 

Palo 

60 

44 

0 

0 

7 

Ph 1(' broNMi 

68 

42 

0 

0 


Modnnn Hard - 





n 

I’alo 

1 07 

32 

0 

0 

16 

Hlack 

66 i 

34 

11 

0 


Soft-- 



i 


If) 

Palo 

(>9 

1 30 ! 

! 0 

0 

20 

Hlack 

09 

16-6 I 

J2-6 

0 


Viscous 





23 

Hrown 

84 

1-0 

2 

6 


IJquid 





28 

Hrown 

73 

7-3 

*■> 

0 

30 

Hlack 

70 

4*7 

4-4 i 

3 


The comniereially available euniarone resins show colours 
which vary from very pale yellow, througli yellow, brown, and 
dark brown to black. 'J'hey represent very hard, hard or soft 
to liquid j)roducts, the melting [)()ints of which fall in accord- 
ance with tliese characteristics. The commercial qualities have 
been classified according to hardness and colouf into 34 
dififerent classes. ^ On the basis of the softening point, 
determined by the Kraemer-Sarnow method, the following 
degree of hardness are distinguished — 

Vorv Hani . Sofloiiiiig point ovor 5C° C. 

Hard . • . „ „ 40 50^^C. 

Modiurn Hanl . ,, ,, .‘JO 40° C. 

The nail test distinguishes further between soft, viscous, and 

^ Report on the work of tlie Sub-Commit to^i on thr. Classification of 
“Cumarone Resins,” Kmmtai.y t?, 190 (1919); C. (1920), 11, 460; see also pp.^ 
254 et seq. * 
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liquid resins. Standards have also been established with regard 
to colour, and pale, pale brown, brown, dark and black 
products are distinguished.^ (See also page 255.) Although 
at the time of their introduction such a classification seemed 
indispensable in view of the very large output, some of these 
classes are scarcely used to-day. A different;^ classification has 
been adopted in the United States,- where 5 classes are 
distinguished according to the melting point and intended 
application. 


Rubber Tiraile S 
Mediuru Soft . 
Rubber Grade H 
Medium Hard . 
Varnish (irado 


Melting |Kiint i\ 

srv’ (\ 

85 ICO'' G 
I00-J.S5'G 
„ KJ5 15(G(^ 


In this case the description of the colour is analogous to that 
used for colophony (rosins), and cumarone rc'sin No. 1 corre- 
sponds to colophony N, whilst cumarom^ resin No. 3 corre- 
sponds in colour to colophony Thest' resins increase in 
value with hardness and paleness. 

Solid cumarone resins have a specific gravity of about 1*2 
to 1*3, show a conchoidal fracture, and have an odour some- 
what resembling gum benzoin. H. Wolff found acid ratios of 
between 1 and 20, sajionification values of 1 to 25, and iodine 
values of 23 to 39. 

Cumarone resins dissolve easily^ in benzene and its homo- 
logues, solvent naphtha, and so forth. They are also soluble 
in turpentine oil, acetone, ether, ethyl acetate, amyl acetate, 
and so forth, and also in carbon tetra(*hloride, chloroform, tri- 
chlorethyTene and carbon disulphide. They are not completely 
soluble in most light petroleum spirits, but become soluble 
after the additiori of benzene, and so forth, (^miaronc resins 


^ On a further conirncreially rerognize<l nietJiud of elasKifying tlie very 
hard and super-pah^ ro.sins, nee p. 322 ; R. Fischer, Farb^nzUj., 227 ly (1921), 
discusses the price fluctuations of various ela.s.ses from 5t}) ()ct.,- 1916, to 
May, 1921. 

2 Soo C. Ellis, Synthetic Basins and Their Plastics^ p. 40. 

® According to the colour standartls of^K. Fonro>)cr1 and F. J*allauf, 
American Resin N corresponds to Fonrobort No. 29 and Rosin (J to Fonrol>ert 
•No. 136. 

* Bottler, Kufistst.f Oj 277 (1916). v 
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are only slightly soluble in alcohol.^ They are completely 
miscible with rosin oil, pine oil, stearic acid, ozokerite, gilsonite, 
japan wax, carnauba wax, beeswax, and so forth ; on the con- 
trary, paraffin oil, ceresirie, and paraffin wax dissolve limited 
quantities only.^ 

The viscosity qf solutions of cumarone resins is greater than 
that of corresponding solutions of colo])hony and its esters. 

The chemical character of cumarone resins, which are essen- 
tially mixtures of cumarone and indene j)olymers, is manifested 
partly by a certain susceptibility to oxidation, due to indene 
derivatives, but more particularly by stability to saponifying 
agents. Thus, cumarone resins are usually unaffected by the 
action of 5 y)cr cent sodium carbonate solution, 1 and 5 per 
cent caustic soda solutions, and 10 j)er cent ammonia solution ; 
on warming with 5 per cent caustic soda solution a slight effect 
is observable,^ which is probably due to the presence of im- 
purities. ('. Ellis studied the effect of a paste of Portland 
cement and water. Films of cumarone resin y)roved to be 
exce})tionally resistant companHl with those fi*om drying oils 
and natural resins. 

Cumarone resins are decomy)osed on heating to 300-400“ C. 
with rev(u\sal of the polymerization process, the main product 
being cumarone or very considerably depoly merized paracum- 
arone, together with indene, hydi*indene and small amounts of 
phenol. 

The oil so obtained, which K. Steriv^ named “ (Cumarone oil,” 
can be reconverted into solid resins or other oils, a reaction 
which was s])C(!ially studied by Stern, more {^specially with 
regard to the activity of various catalysts. (Cumarone oil 
behaves otherwise as a non-drying oil, although if oxygen 
carriers such as lead or manganese resinate are added, it 

^ On Curniirono rpHins solubl(> in alcoliol, seti Gorman Pat. .'J02,543 of Riit* 
gorsworko A.(J. 

C. Kris, Synthetic Ih’Hins, p, 42. 

Bottlor, KunsM., 27S (HUr)); J. Marousson, Chcm-ZUf., 43, 93 (1919). 

UT.S. l»ats. 999,439 (1911); 999.70S. l,0()n,SlS, 1,000,737 (191 1) ; Ellis and 
Walls, 1,179,413; Ellis, 1,189,049, l,189,6r)l (1910); 1,240,827 (1917) ; British 
Pat. 117,010 (1017):(\ Ellis, L.liabinovitz, ,7. Jnd. Kny, Clvm., H, 797 (1916); 
KumtsL, U, 192 (1919). • 

* Angfr-M'., 32. m (1919); (’. (1919), IV, mil ; Knnstst., U, 141 (1921). 
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acquires the properties of a drying oil, constituting a case of 
a remarkable acceler'ation of a polymerization process by an 
oxidation catalyst. ^ 

APPLK^ATIONS OF OUMARONE RESINS 

In Germany, especially during the war, curfiarone resins were 
widely used as the basis of printing inks, varnishes and paints, 
as a varnish oil sid)stitiite and for sizing paj)er. The utility of 
these products, the quality of which has been considerably 
improved, is shown by the fact that they have partly main- 
tained their position since the war, and also that their use has 
become firmly establislu'd in other countries and es}>ecially in 
the United Stat(^s, which have not suffered from a dearth of 
raw materials. 

Cumarone Resins for Varnishes.- Spirit varnislies, that is, 
varnishes which form a hard film nuuely by the eva])oration 
of the solvent, can easily be |)repai’ed from cumarone resins 
and hydrocarbons, (‘specially solv(‘nt naphtha, by the usual 
methods. According to Krurnbhaar*^, slight changes take place 
in the film after such varnishes have dried by evaporation of 
the solvent, due to the slow volatilization of high-boiling con- 
stituents of the rosin. There is also a further oxidation of the 
para-indene (causing a yellow colour) and jrartial polymeriza- 
tion of the paracumarone. In spite of these reactions the film 
remains soluble, so that a second coat can only be applied 
with softening or solution of th(^ under coat. The film is only 
slightly elastic, and shows but little resistance to weathering. 
There is ^ilso a very decided tendency to discoloration. On 
the other hand, films of cumarone resin offer certain advan- 
tages, which are due to the chemical nature of the basic material 
and are manifest(Hl by chemical inertnc'ss to ])igments, a cer- 
tain d(‘gree of fastness to water and a conditional fastness to 
acids and alkalies. As the films are greatly improved by very 

^ Tlio same mu.st be assiimod in the case of lung oil. 

2 See also H. Rudolf, Farbe uikI Lark (1924), 217, 

^ Farhenzeitg., 2h 1089; KnmtaL, 7, 97 (1917); C. (1910), II, 777; W. 
.Urbamis, Kunstst.. 16. 144, 175, 248 (1920); 17, 7 (1927); Allg. Oh umi Feth 
Ztg,, 24, 415, 427 (1927). , 
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small additions of drying oil, such films, which are much more 
elastic, have found numerous special applications. 

Kraemer and Spilker^ already proposed the use of solu- 
tions of cumarone resins as varnishes. Benzine, benzene, 
solvent naphtha, turpentine oil,*^ and mixtures of paraffin and 
aromatic hydrocarbons have been recommended as solvents.^ 
Among others, the following materials have been recommended 
as additions in order to im})rove the product : 5 to 10 per cent 
of animal or vegetable oils, in the form of the calcium salts 
of their fatty acids, ^ nitrobenzene,^ rubber,® chlorinated rub- 
ber,’^ and timg oil.^ Cumarone resins may also be used jointly 
with wax® or zinc resinate.^® The use of solutions of cumarone 
resin has been pro})oscd for the manufacture of waterproofing 
solutions and coatings. They played an important part 
during tin; war as linseed oil and varnish oil substitutes,^*'^ 
a part which vanished with the re-establishment of normal 
conditions. 

Their runitral charac*ter renders solutions of cumarf)ne resin 
especially suitable for the juoduction of coloured enamels. 
The varnishes have also been recommended^^ as vehicles for 


^ Bor., SI (ISIIO) 

‘•2 Kichlcr, U.S, I*at. (1915): KunuM., 6, (1915); s(*o also 

LT.s. Vat. 

Kills, U.S. Pat. 1,451,092, KuntiM., 14, 42 (1924). 

’ S{)i\nigl('r, (ll(‘rrnau Pat. 254,707 (I9I1). 

•’* Dayol, Froiicli Pat. 514,405; Ktoittfst., /2, 70 (1922). 

« Hoizapfol, U.S. Pals. 1 .4:10,083 (1922); l,4vS 1,801 (1922); KunsM., 13, 57 
1923). 

" (3iadMloid (’lu'inical C'o , H. H<H‘lmu*r, U.S. l*at. 1,572,005 (1923); C. 
1920), 1, :12S1. 

« Kcsslor, U.S. Pat. 1,411,0,35 (1922); (\ (1922), II. 1177. 

•‘»RoU;s<>n. U.S. Pat. 1.405,941 (1922). • 

J. Wolf, (lorrnan Pat. 351,810 (1917); U. (1922), l\^ 107. 

S(M^ Kills, U.S. Pat.s. 999,4:19 (1911); 999,708 (1911); 1,005,818 (1911); 
1,381,803 (1922); 1,412,014 (1922); MvVo\ , U.S. Pat. 1,299,847 (1919); 
Kdison, U.S. Pat. I,:i04,:i59 (1921). 

Sea I)(Mits(*li-LiiX(aiibnr^is<*ho Bor^werks- \nul Hiittpn-.4.-(r., S. Hilpert, 
Uennan Pais. 319,010, 320,808 (1910); (\ (1920), JV, 45, 225 ; KunatHt., 10, 08, 
190 (1920); jointly ^ith arid ivsins; Darrin, U.S. Pats. 1,315,058 (1919); 
l,382,345*(1921 ) ; U. (1921), 1\', 810. Sop also Farh.^td’. vonu. F. Bayer & Co., 
Uorman Pat. ,305,515 (1917), and Stern, Corinan Pat. 345,810 (1919), on the 
u.so of b.aizylimleiie, eninarone, or indone as linseed oil substitute. 

12 Blass, U.S Pat. 1,401,0.34(1921). 

n Fohringer, Uernian Pat. :m,152 (1914); (1921), II, 503; Kunatat, 11, 

22 (1921); U.S. Pat. 1,157,708 (1915); KuustaL, 9, 124 (1919); Shilvock,, 
U.S, Pat. 1,411,023 (1922); addition of small amounts of stearic acid. 
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bronze powder, as the coatings are sometimes exposed to very 
slight wear only. Quick drying paints for ships’ bottoms are 
frequently prepared from cumarone resin spirit varnishes to 
which small quantities of drying oil have been added. ^ 

In other respects such cumarone resin spirit varnishes are 
of but little importance. It is possible that there is a future 
for the use of cumarone resins in conjunction with pitches, and 
so forth,- and also in conjunction with cellulose esters. ^ 

The real importance of cumarone resins consists, however, 
in their use as components of oil varnishes, in the production 
of which they are already used in considerable amount. They 
are soluble in tung oil, linseed oil, perilla oil, and other drying 
and non-drying oils. It has, however, been found that in order 
to incorporate them satisfactorily with fatty oils it is neces- 
sary to heat for quarter to half an hour to a temperature of 
at least 260'^(-., but not exceeding 300” C., in caise varnishes 
of high quality are required. If the heating is insufficient the 
resin shows a tendency to separate. If the maximum tempera- 
ture is exceeded a strong discoloration results. Wlien using 
tung oil, which, as is well known, shows a tendency to thicken 
unduly or to gelatinize at temperatures above 200'' (1,^ it must 
b(^ remembered tliat cumai'one resins do not delay or prevent 
this reaction in the same maimer as, for (‘xample, does colo- 
phony, in consequence of its great dissolving power. 

KSucdi an oil varnish may, for (‘xaniple, be ])repared as 
follows 30 to 35 parts of pale, very hard cumarone resin are 
heated in a varnish jiot with 15 to 20 parts of prc})ared linseed 

’ Sfliwarz, Varhf nud Lack (11)24), .'{4(> ; but rrgardin^ suitability 

s('i« M. Schiffshodvii- und IfoslfirhiUzfarfuu, Harlin (I92t)), }). 72. 

2 The Koppers (^o.' U.S. Pat.s. 1,292,1)07 S ( 1 91 9) ; Canadian Uat. 1S8,272 
(1919); see also Darrni, U.S. Pat. 1 ,290,770 ( 191 9) ; British Pat. 1 29,204 ( 1 91 9) ; 
118,079 (1917); 1,32,229 (1919); 138,008 (1919). 

•'K. Lehmann, Stocker, (lerinan Pat. 281,373 (1912); U.S. Pat. 1,185,514 
(1916); Austrian Pat. 72,978; KunMtsL, 7, 249 (1917); French Pat. 471,104; 
KumisL, 12, 23 (1922); Ucrman Pat. 297,149 (1913); KunniM., 7, 115 (1917); 
U.S. Pat. 1,191,801; Kunutat., 7, 9 (1917); Austrian Bat. 71,287 (1915); 
KiimiaL, 7, 12 (1917); Froncli Pat. 409,925; Kunstat.f 7\ 239 (1917): Zapon- 
Lack-Oes m. b. JH., German T’at. 281,205 (1913); Kunstst., 5, 33 (1915); seo 
also L. Lilionfeld, U.S. Pat. 1,025,410 (Coin})ination witli etillulose etliers, 
etc.); HOC also A. Kogers, C. Banta, Ind. Engiti. (Uicm., 20, 198; (\ (1928), 
1,2014. 

* E.g. at 285° C. in about 10 inimitt's. 

* ® Seifensiedar Zig. (1917), 773. 
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oil or tung oil, or a mixture of linseed varnish oil and stand oil, 
to 250-275° C., and maintained at this temperature for half an 
hour; 1 part of molten lead -manganese resinate and 0-1 part 
of freshly prepared calcium hydroxide are tlien added. The 
mixture is occasionally stirred until these materials have been 
incorporated, after whicli the melt is allowed to cool, and 
thinned, for examj)le with turpentine oil, to the required 
consistency. 

In a similar manner oil varnishes of the most varied char- 
acter can be prcjdiiced, both medium oil and short oil, and 
also varnishes which contain other com])onents in addition. 
Sometimes a slight turbidity is observed in such varnishes, 
which can usually be removed by a slight increase in the tem- 
perature of boiling or a subsequent addition of a small amount 
of colophony or tur})entine oil. In cousequen(;e of the tendency 
to discoloration at high tem 2 )eratures, the* permissible degree 
of heating must be found (wperimen tally in each case. The 
fatty oils m\ist, of course*, be so far j)re-treated before mixing 
that by boiling with the cumaron(‘ resin tlie required product 
is produced.^ 

Oil varnislies pre])ared from cumarone resins are of about 
equal utility ^\ith those pr(q)ared from esterilied rosin with the 
same proportion of oil. This is, however, truer with regard to 
stability on storage than with regard to fastness to light, which 
is not as good as miglit be wished, the varnish showing a 
tendency to discoloration. The possibility of lasing such var- 
nishes for admixture with pigments, which is otherwise very 
attractive on ac^count of the fine lustre of tlie film, is naturally 
reduced by this disadvantage, which has not yet been fully 
overcome. 

Cumarone Resins for Printing Ink Varnish Oils. According 
to Marcusson,- cumarone resin lias partially replaced stand oil 

* On special ^iroccsscs see Lender, Koch, U.S. Pat. 1,()19,HG6 (1912) ; German 
Pat. 245 ,g:U (191 1)< Lender, Freneli Pat. 484,7GS; Kuufitst., 10, 1 IS (1920); 
Eichler, U.S. Pats. l,ia3,4;J2 3 (1915); KtfnHst., 5, 2i;i (1915); Darrin, U.S. 
PatH. 1,.315,()58(19I9); 1,382,345 (1921) ; T’. (1921 ), IV, 810 ; U.S. Pat. 1,370,195 
(1921); Brigg«, British Pat. 168,293 (1921); M. Kessler, U.S. Pat. 1,411,035 
(1922); C\ (1922), IT, 1177; gee also King, Bayard, Rhodes, ,/. Ind. Eng. 
Cheni., 12. 549 (1920); C. (1920), IV, 343. 

^ Chem.-Ztg.f iH. 93 (1919); see also Riibenoamp, Farbenztg.. 25, 272; 
C. (1920), IT, in. 
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in the printing ink industry, in the form of qualities 16 to 30, 
which possess the viscosity required for printing ink manufac- 
ture, but are too adhesive and have therefore to be diluteil, for 
which purpose stand oil is used for delicate and valuable work, 
mineral oil or tar oils for rough newspaper print, and so forth, 
or for the latter purpose residues containing cumarone resin 
may also be added. The prints show an improved lustre, and 
the varnishes are less affected by the pigment. The use of 
cumarone resin for these purposes is largely a qu(\stion of price. 

Other Actual or Proposed Applications. According to C. 
Ellis, ^ the addition of about 5 per cent of cumarone resin to 
rubber has a softening effect, which enables the material to 
be more easily worked. ^ The process offers special advan- 
tages, and has been introduced in part in America. A typical 
American application is for the manufacture of chewing gum,*^ 
for which purpose very large quantities of cumarone resin have 
already becui used, to the extent of 7 to 10 per cent, in the 
form of a resin product which has been specually freed from 
high-boiling impurities, and which must obviously bc^ miscible 
with the other constituents of the chewing gum. 

The good dielectric })ropertics of cumarone resins have led to 
the use of such resins for press-moulded artichjs, in which the 
resins ai e used either alone or in conjunction with various fillers.^ 

(Himarone resins aie also used instead of the usual rosin 
soaps for sizing paper. As the artihcial resins cannot be saponi- 
fied, tliey are converted into an emulsion with the help of 
rosin soap or the alkali salts of aromatic sulphonic acids or 
naphthenic acids, and tlien applied in the usual manner.^ 

’ iSynt/icttc Rf'sifitf and Their Tlantief*, pj). 47 et »eq. 

"^Wdls, U.S. Viit. I,24S,220 (1917). 

“ Wobor, U.S. Pats. 1,24S,9()I (1917); 1,492,817 (1922). 

* Btuikclaucl, U.S. Pat. 1,038,475 (1912) ; McCoy, tl.S. Pat. 1,208,031 (1918); 
(Canadian Pat. 187,045 (1918); soc^ also U.S. Pats. 1,299,840; 1,300,218(1919); 
1,245,303 (1918); iv-piiblisliotl Pat. 15,199 (1921); (iudgo, U.S. Pat. 1,299,700 
(1919); Wells, U.S. Pat. 1,332,800 (1920); Power, U.S. i^at. 1,427,844 (1922). 

® Kiitgerswerko Akt.-Cles., German Pat. 348,003 (1918); (\ (1922),* II, 748. 
Lender, British Pat. 17,570 (1915) ; KunstsL, 7, 332 (1917) ; Mutii, Gorman Pats. 
301,920-7 (1915); Kunstst., 8, 70, 72 (1918); German Pats. 302,032 (1910) ; 
306,271 (1917); C. (1918), I, 590, 980; U.S. Pat. 1,194,800; Kunatst., 7, 38 
(1917); Ellis, U.S. Pat. 1,007,081 (1911); see also Perry, U.S. Pat. 1,302,209 
^919), and Roether, U.S. Pat. 1,414,070 (1922), who proceed in a similar 
manner. • 
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Cumarone resins are also stated to be used in the manufac- 
ture of linoleum,^ oil-cloth, and similar materials.^ They are 
also said to be used as cement^ for binding linoleum to floor- 
ing^ and so forth. According to Marcusson,^ high melting quali- 
ties are used in the explosives industry, whilst dark qualities 
are used for bird-lime and for the production of axle grease. 

DETEfrriON AND INVESTIGATION OF 
(TJMARONE KESTNS 

The following reactions may be us(^d for the detection of 
cumarone lesin — 

Solubility in Acetone. All qualities of cumarone resin dis- 
solve in acetone, either com})letelv or with the exception of a 
very small residue, whilst pitches from coal-tar, lignite-tar, 
wood-tar and petroleum are only slightly soluble. The reac- 
tion is of importance, as pitch residues are occasionally offered 
as dark cumarone resins. 

Solubility in Petrolemn Spirit. In distinction from aldehyde 
resins, cumarone resins arc freely soluble in ])etroleum spirit. 

Numerical Characteristics. Natural resins have usually higher 
melting points than cumarone rc^sins, and show higher acid, 
saponification, and iodine values. Moreover, they are optically 
a<?tive, whilst cumarone resins are inactive. 

Saponification. As cumarone resins are insoluble in alkalies, 
they can be se[)arated from fatty oils by saponification of the 
latter,® and can also thus be distinguished from aeirl resins, 
such as colophony, ])henol-aldehyde resins, and so forth. 

* U.S. Pat. 1,019,00(5 (1912); I’lirst, U.S. l\it. 1,334,049 
(1921); U.S. Pats. I,3SI,737-S (1921). 

^Eifhler, U.S. Pat. 1,218,599 (1917); KiniHtsf.. 7, 2(52 (1917); McCoy, 
U.S. Pat. 1,245.3(53 (1918); SHialTor, U.S. Pat. 1.441,(505 (1923); KOln- 
Kottwcil Akt.-Ccs., Ucriuan Pat. 419,277 (1922); V. (1920), 1, 1303; KanstaL, 
m, 9(5 (192(5). 

» McCoy, U.S. Pat. 1,23(5.190 (1917). 

* On o«e as substitute for glue, etc., see F. Leliiuaun and 3. Stocker, 
(lennaiuPat. 278,955. 

s.l. Marousson, Chem.-ZUj,, 43, 109, 122 (1919). 

® H. Wolff, Farbenztg., 23, 307 (1918), found, however, that considerable 
quantities of saponifiable i)roduct8 may also be })rpsent in (umiarone resins, 
and he developed methods for the separation of such rosin acids from fatty 
oils. On the detection of cumarone resins in vamish^^s, see H. Wolff, Farfya 
wid Lckck (1928h 85. 
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Heating with Soda-lime. On heating with soda-lime, phenol- 
aldehyde resins liberate considerable quantities of phenols, 
whereas cumarone resins yield traces only. 

According to Marcnsson the tet is carried out, for example, 
by heating 1 gm. of the resin with 3 to 6 gm. of soda-lime 
for 2 hours to 260° il in an oil-bath, and the ^reaction mixture 
is then extracted with warm water. If tlu^ solution yields a 
considerable separation of phenols on acidification witli mineral 
acid, a phenolic resin is present. In this case, if a few drojis 
of freshly-prepared diazobenzene solution are added to the solu- 
tion whilst still alkaline, a red precipitate of an azo-dyestuff 
is obtained, or an intense red coloration. On the other hand, 
under the same conditions cumarone resin yields a sliglit pre- 
cipitate of resin acids only on adding hydrochloric acid. With 
diazobenzene solution a weak red coloration is ])roduce(l. 

Dry Distillation. On heating cumarone resin it dtM^omposes 
at 300-400° C. (See f)age 244.) On re-distilling the distillate^ 
a main fraction is obtained of boiling point 168- 1S0° (>., in 
which cumarone and indene may be identified as ])itaates oi’ 
bromides. (Cumarone picrate, melting point 102 103° C.; 
indene picrate, boiling point 179*5 180*5° ( 1 , melting })oint 
98° (^; cumarone monobromide, melting ])oint 39''(\ ; euni- 
arone dibromidc, melting point 86° C. ; indene dibjomide, melt- 
ing point 43 45°(^) Natural resins give very small amounts 
only of the above-described fraction, which obviously will con- 
tain neither cumarone nor indene.^ 

The 170-180° (\ fraction may also be tested for cumarone 
and indene^ by adding a few drops of strong sulphuric acid. 
In the presence of these substances a viscous j)olymerized 
product is obtained ; the reaction is, however, not unambiguous. 

CJolour Reaction with Bromine. Wlien the test is carried out 
as described below, cumarone resin yields a red coloration, 

whilst resinolic acids from pontianac, for example,^ give a 

• 

^According to R. Weissgorber, Ber.y 42, 509 (1009), indoTio ean.also 
oaHily isolated as the sodium compound. 

* H. Wolff, lot\ cit. 

® The reaction is of special interest under American conditions in or<icr to 
detect colorimotrically the adulteration of thfi pah? cumarone resins, whicli 
^e there valued highly, with natural rosins; see C. Ellis, Synthetic Besiris and 
Their PlaeticSy p. 54. 
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reddish yellow colour, which changes into pure yellow on stand- 
ing for a prolonged period (24 hours). 

1 c.c. of a 10 per cent solution of the resin in chloroform is 
diluted with a further 6 c.c. of chloroform, after which 1 c.c. 
of glacial ace^,tic acid is added ; 1 c.c. of a 10 per cent solution 
of bromine in chloroform is then added, after which the liquid 
must be either shaken or stirred, the vessel closed, and allowed 
to stand. In the presence of curnarone resin a permanent red 
coloration is obtained. 

Testing Curnarone Resins. "I'he methods employed for test- 
ing curnarone resins are mainly those of the (German) War 
(Committee for Fats and Oils,^ which distinguish between 
nunuTous qualities on the basis of colour and hardness or 
consistency. 

Determination of Colour of Curnarone Resins. ( Comparative 
Solution. IA)r tlic })r(‘})aration of the comparative solution, 
logm. of pure potassium dichromate are dissolved in 1 litre 
of pure 50 p(‘r cent sulpJmric axad. 

Resin Solution. To prepare th(‘ resin solution, 1 to 1*5 gm. 
of the resin are weighed into a test-tube, with an exactitude of 
0*1 gm. Whtm (‘xaminiiig soft or viscous samples, it is advis- 
able to us(‘ a small rod of glass or wootl. whitdi is tared and 
weighed with the test-tube. 

A quantity of ordinary, puriiied, water-ch^ar benzole is then 
measured in a small UK'asuring cylinder, in such amount that 
1 c.c. of benzole is used for each 01 gm. of resin in the 
test-tube; the benzole is tlam poured into the test-tube and 
the resin dissolved by sluiking, with or without warming. In 
the case of many resins this 10 p<*r cent solution^'is directly 
suitable for conq)ai’ison ; in other cases, it must be diluted with 
benzole until of suitable def)th of colour. 

(CoJVii'AHisoN. The c()m])arison of th(? freshly-prepared and 
shaken solution of the resin with the standard dichromate solu- 
tion in,ust be effected by comparing the solutions side by side 
in test-tubes of identical diameter, by transmitted daylight, 

* S^o KhuhM., fK 190 (1919); these directions are still authoritative, partly 
in extendeil fonn. 1’he above liiformalion was supplied by the Curnaronharz- 
Verband O.ni.b.H. (Cuiuarone Resin Association), Bochum, whom we tak^' 
the op})ort unity, .of thanking. 
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with the sky as a background, attention being given to depth 
of colour and not to tint. 

The distinction between the colours, ''brown^ "dark,'' ami 
“ black ” is effected by observing the transruission of artificial 
light of about 50 candle-power (from an incandescent electric 
lamp, spirit- or benzol-heated mantle, or thcjike) through the 
freshly-prepared solution contained in a test-tube of 15 mm. 
bore. During the test the distance of tlie test-tube from the 
light source should he about 50 cm. Lateral illumination 
should be cut off by holding the tube between two fingers, 
or in a wooden block in which two small o[)posed slots are 
cut. 

Ltmitino Valtes. '’riiese are given in the table on page 255. 
Detennination of Hardness and Consistency. For hard resins 
tlie softening point is determined by the Kraemer-Sarnow 
method, whilst for soft, viscous, or liquid resins the so-called 
nail-dipping test is used. 

Khaemkr-Sahnovv Method of Dictehminincj the Soften- 
ing Point. For this determination glass tubes arc used, about 
10 cm. long and of 0 to 7 mm. diameter, the ends of which are 
cut off smoothly. Into su(*h a tube a. glass rod is inserted 
below, which is also smoothly cut off and which fits it exactly ; 
it is inserted so far that when the tube is held in a vertical 
position by a clamj) a free spacer of exactly 5 mm. height 
remains at the top. Meanwhile, about 25 gm. of the resin 
have been melted on the water-bath, and this is now^ poured, 
drop by drop, into the remaining cavity at the top of the tube, 
and the extruding cap cut smoothly away after (pooling. After 
everything is quite cold the glass rod is withdrawn, and exactly 
5gm. of mercury are poured into the tube ; this quantity can 
easily be measured in a specially graduated vessel. The tube, 
thus charged, is hung in a beaker containing water at about 
15^ C., which is contained in a larger beaker also containing 
water at the same temperature. A thermometer dips ijnto the 
water in the inner beaker at such a height tliat its bulb is at 
the same level as the resin in the tube, and the outer bealau' is 
^then heated with a moderate flame in such a manner that the 
temperature rises by about 1° C. per minute. TIh^ temperature 
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at which the mercury ruptures the layer of resin is the soften- 
ing point of the sample. 

The Nail Test. For this test the so-called 5-in. round wire 
nails are used, known commercially as 23/60 nails, which are 
130 mm. long and weigh 23 to 24 gm. The resin to be investi- 
gated must be filjed into a vessel of a diameter of at least 8 to 
10 cm. to a height of at least 15 to 20 cm., and must be main- 
tained at a temperature of exactly 20° 0., if necessary by 
immersion in water at that temperature, in which it must 
stand for a sufficient time (often for 6 to 12 hours). The nails 
must also be at the same temperature, and must not be warmed 
by holding in the hand for any time. 

The nail is seized by the head by the thumb and index finger 
of the left hand, and held vertically over the resin sample, 
whilst with the right hand a simple wire loop of about 10 mm. 
diameter is slij)ped over the nail from below nearly up to its 
head, to serve as a guide for the nail and maintain it in a 
vortical position when liberated. 

The number of seconds is counted, which elaj)se between the 
moment at which the ht^ad of the nail is liberated, and that at 
the nail has sunk so far into the liquid that the head just 
touches the surface. If the nail test gives a figure of less than 5 
se(!f)iids, a steam distillation test is to be carried out as follows — 

Steam Distillation. 100 gm. of the sample are weighed 
into a glass retort of 350 to 500 c.c. ca])acity, and the retort 
is heat(Ml in a bath containing oil or cumarone resin until the 
bath tem])erature is 150° C. (It is advisable to add about 
50 c.c. of benzene or xylene to prevent frothing over.) A 
vigorous current of steam, which should be as dry as possible, 
is then passed through the retort, and heating continued until 
the tem])€'ratui*e of the bath gradually rises to 260-270° C. 
The total duration of the j)assage of the steam should be one 
hour. After cooling, the residue is weighed and gives the 
direct percentage of resin. If less than 35 per cent of resin is 
found the sample consists of residues or oils containing cum- 
arone, or substances of that character. 

Classification of Cumarone Resins. After carrying out the^ 
above tests ou colour, hardness, consistency and residue, any 
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cumarone resin or residue containing cumarone resin can be 
assigned to one or other of the following classes — 


TABLE OK COMMERCIALLY KECO(iNlZEI) CLASSES OF 
CUMARONE RESIN 



2*(ile 

10% solution 
not darker 
tlian 15 gm. 

11201*207 per 

litre* 50% 
HjSO, 

Pale llroivn 
‘U % solution 
net darker 
than 15 gin. 

per 

litre 50% 
ILSO, 

Hr men 
Artifleial 
light peiK’* 
t ratios 10% 
solution 

Dark 

Art ill rial 
light pene- 
trates 5'’o 
solution 

lilack 
Artificial 
light failH 
to peiK*- 
trate 5% 
solution 

Very Hard 
Softening point over 
50° C. 

1 

2 

2 

4 

5 

Hard 

Softening j)()int be- 
tween 40° and 5()°C. 

0 

7 

S 

0 

10 

! 

Medium Hard 
Softening point be- 
tween .‘10° and 40°(\ 

11 

12 

12 

14 

15 

Soft. 

Softening point be- 
low 20° Immer- 

sion period in nail 
test more than 500 
see. 

1 

hi 

17 

18 

1 

I<) 

20 

Vineouif 

Immersion period 
between 100 and 
500 sec. 

21 

22 

22 

24 

25 

JAqiUd 

Immersion period 
loss than 100 sec. 

20 

27 

28 

20 

20 

Residues cojitaining 
cumarone rosins 

:n 

27-35‘>;, 

resin 

contents 

22 

20 27<>„ 
resin 
contents 

22 

be]ow2(M\\ 

resin 

contents 

241 

20-40 

resin contents, 
’'rc^clinieally free (not 
over of sodium 

j)henolate. Maxi- 

mum water contents 






— 


, - 


The figuroK doiioto llio classes in which the resins are to be placjed in 
accordance with their consistency and colour. 


^ For Class therc^ are s{>ecial Rjiecilications, which reefer t5 the raw 
material (in the washing of benzole, toluolo, or mixtures of these). There are 
also stipulations with regard to water contents (maximum 2%), boiling i^oint 
(a maximum of 10% may distil below 200^ C.), naphthalene contents (free 
, from naphthalene as far as possible, maximum 6%), rosin contents (up to 
40%), and sodium phenol ate (not over 1%). ^ 
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A few further classes have recently been added. Thus, the 
very hard classes with a softening point between 50° and 55° C. 
are further characterized by the suffix /50 to their class num- 
ber. Kesins of softening point between 55° and 60° C. receive 
the suffix /55, those of softening point between 60° and 65° C. 
the suffix /60, and so forth. The pale classes 1 and 6 are also 
distinguished from “ super-pale ” classes, if the colour of a 
freshly-pre])arcd and shaken 10 i)er cent solution of these resins 
in benzene is not darker than a solution of 3gm. potassium 
dichroinate in 1 litre of 50 per cent sulj)huric acid, the resin 
is assigned to the next stage of paleness, which is indicated by 
the prefix zero; thus, for example, 

01/50, 01/55, 01/60, 01/65, etc., 

and similarly for 06/, but not in classes 11, 16, 21, and 26. 
If the colour of the f resh I y-])repared and shaken 10 per cent 
solution of the resin in benzene is not darker than a solution of 
1 gm. potassium dichroinate in 1 litre of 50 ])er cent sulphuric 
acid, the resin is assigned to a still higher degree of paleness, 
designated by the prefix 00, for example, 

001/50, 001/55, 001/60, 001/65, etc., 

and similarly for 006/, but not in classes 11, 16, 21, and 26. 
If the colour of a fi'(*shly-prepared and shaken 25 ]>er cent 
solution of the resin in benzene is not darker than tlie solu- 
tion of 1 gm. })otassium dichromate in 1 litre of 50 per cent 
sulphuric acid, tlie resin is assigix^d to a colour class which is 
designated by the })refix 000, thus, 

0001/50, 0001/55, 0001/60, 0001/65, etc., 
but this does not apply to classes 6, 11, 16, 21, or 26. 

If the colour of the freshly-prepared and shaken 50 per cent 
solution of the resin in benzene is not darker than the solu- 
tion of 1 gm. ])otasshim dichromate in 1 litre of 50 per cent 
sulphuric acid, th(^ resin is assigned to the next colour class, 
designated by the prefix 0000, for example, 

00001/50. 00001/55, 00001/60, etc., 

but this does not a})ply to classes 6, 11, 16, 21, or 26. 

Higher degrees of paleness hardly occur in practice. 
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Determination of Water. lOO gm. of the resin are dissolved 
in 200 c.c. of xylene or of Solvent Benzole (I), and are dis- 
tilled in a flask until a clear distillate is condensed. The dis- 
tillate is collected in a measuring cylinder in which the number 
of cubic centimetres of water are read and correspond to the 
percentage in the sample. Cumarone resins skould be technic- 
ally free from water. 

Test for Admixed Foreign Matter. 10 gm. of the resin are 
dissolved in 100 c.c. purified benzene, and shaken for 2 minutes 
with 100 c.c. concentrated Rul})huric acid in a sef)ai*ating funnel. 
The liquid is allowed to stand for some time, until separation 
has occurred, and the acid layer removed and shaken up 
similarly with a further 50 c.c. of benzene. The benzene solu- 
tions are united and ova])orated in a weighed distilling flask, 
the last traces of benzene being removed by heating in a 
vacuum if necessary. 1lie amount of resin which remains 
re])resents that portion of the original sample which is not 
attacked by sul])huric acid. 

After deduc^tion of the watu* contents, cumarone resins may 
contain up to about 20 })er cent of components soluble in sul- 
phuric acid. If this limit is exceeded it is probable that foreign 
substances have been added, the exact nature of which requires 
special investigation. 

Determination of Sodium Phenolate. 50 gm. of resin are 
dissolved in about 200 (5.c. of benzene in a separating funnel ; 
300 to 350 c.c. of water are then added and the whole well 
shaken. The fihenolates go into the aqueous solution. After 
allowing to settle, which requires some time, but takes place 
satisfactorily, the aqueous solution is withdrawn into a 1 litre 
flask and the benzene solution again treated with 200 c.c. of 
water. This treatment is repeated, if necessary, with a similar 
quantity of water. The ])resence of phenolate in the washings 
can be tested with bromine water, or by a^^y other of the 
various reactions for phenol. The aqueous solutions are then 
made up to 1 litre, filtered, and the phenol in the filtrate deter- 
mined by Koppeschaar’s method as fqjlows — 

10 c.c. of the phenol solution, and 50 c.c. of a potassium 
bromide-potassium bromate solution (7 gm. potassium bromide 
and 1-6702 gm. pojbassium bromate per litre) are introduced 
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into a bottle with a well-fitting glass stopper; 15 c.c, of 50 
per cent sulphuric acid are then added and the whole shaken 
vigorously. Tribromophenol and tribromophenolbromide separ- 
ate. After 10 to 15 minutes, 10 to 15 c.c. of potassium iodide 
solution (125 gm. per ]itre) arc added, the whole shaken, and 
the liberated iodine titrated after some minutes with N/10 thio- 
sulphate solution, using starch solution as an indicator. 

1 c.c. of N/10 thiosulphate solution corresponds to 
0-001934 gm. soduim phenolate or 0 0()le5f)7 gm. phenol. Any 
cresol which may be present is calculated as phenol. 

The relation between the potassium ])rom id e-potassium brom- 
ate solution and the N/10 thiosulphate solution is determined 
by a blank test. 

Determination of Free and Fixed Sulphuric Acid. According 
to H. WolfT,^ an apj)recial)le proportion of cumarone resins 
of the most various classes contain on ()(‘(;asion quite con- 
siderable quantities of acid constituents. Among 30 resin 
samples, acid ratios of about I to 20 and sa[)onification values 
of about 1 to 25 were obtained. Apart fn^ni free sulphuric 
acid, water-soluble sulphonic acids are especially frequent con- 
stituents. There is also a component insoluble in water, which 
may be present in the form of alkylsul])huric acid, readily 
dissociated but insoluble in water.- or in the form of absorp- 
tively fixed sulphuric acid^ whudi is liberated on ageing or by 
coagulation, for example on treatment with salt solutions. 
Cumarone resins containing such acid constituents show con- 
siderable disadvantages during use. Thus they act as rust pro- 
moters rather than as rust preventatives. The occasional thicken- 
ing of solutions of ciimarone resins with basic pigments is also 
attributed to the presence of such components. It is found that 
the insohible, fixed acids are injurious, as well as the water- 
soluble constituents. 

Free Sulphium Acid. According to Wolff, 10 to 20 gm. 
of the resin are dissolved in 50 c.c. of neutral benzene or 
xylene and then shaken up repeatedly with warm water ; three 

» Farhenzciltmj, 22, 917 (1917). 

® Marcusson, ('hem.-Ztg.^ 43, 110 (1919). 

3 H. Wolff, Angew., 37, 602 (1924). ' 

* * Marcusson, loc. cit. 
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extractions, each with 20 c.c. of water, are usually sufficient. 
The extracts are united and filtered. The sulphuric acid is then 
precipitated with barium chloride at about 80° C., after adding 
a few drops of hydrochloric acid. A rise of tem])erature to the 
boiling point should be avoided, as otherwise the fission of 
sulphonated substances might liberate furthc¥ sulphuric acid. 

Water-soluble Fixed Sulphuric Acid. This can be determined 
in the filtrate from the above determination by making this 
alkaline by the addition of soda evaporating, adding a small 
amount of potassium nitrate and fusing. Sulphuric acid is 
determined in the mc^It in the usual maimer. The question as 
to whether the sul])huric acid was present as sulphonic acid or 
the like, or as free acid, can be settled by titrating the aqueous 
extract with N/IO sodium hydroxide solution. 

The Total Sulphuric Acid, namel\', the sum of the free sul- 
phuric acid and the soluble and insoluble fixed sulphuric acid, 
is determined most simply by saponifying a sample (16 gm.) 
with alcoholic 2N — KOH and melting the residue, for which 
purpose Marcusson adds a small amount of potassium nitrate. 
The melt is dissolved in water acidified with iiydroehloric acid, 
the solution filtered from insoluble r(\sin, and pr(a}i])ita,ted with 
barium chloride. 

In two resins, Wolffs found O Jla and 117 })er cent of sul- 
phuric acid resp(Hdively (expressed as iSO^) ; in six samples he 
found water-soluble sulphonic acids in amounts expre^ssed by 
0*18 to 1 -4 per cent, SOg : and in ten sam])les he found sulphonic 
acids insoluble in water, expressed by 0 09 to 2*1 per cent of 
SO3. 

ALDEHYDE RESINS 

The preparation of aldehyde resins, more particularly of 
those from acetaldehyde, and of crotonaldehyde and aldol from 
acetaldehyde, has long been known, and ha^ been the sub- 
ject of much scientific investigation, which is referred to on 
page 181 et seq. These processes have recently acquired in- 
creased importance on account of i)he development of the 
jhemical industry based on acetylene, as the consequent great 
1 Farhenzeitung, 22, 917 (1917). • 
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reduction in the cost of acetaldehyde has led to favourable 
possibilities of resin production. By improvements in the resin- 
forming processes on the one hand, and suitable treatment of 
the soft or liquid resins which are primarily formed on the 
other, products have been successfully obtained which are hard 
and non-adhesive^ Further improvements in the physical quali- 
ties have been achieved by the addition of wax and conversion 
into the flaky form usual in shellac products. Such products 
are marketed as ‘‘ VVacker shellac/’ or “ SynteUac,” and, as 
implied by the names, lire intended for use as shellac substitutes. 

Production. We will first call attention to the fact that 
although alkali('s undoubtedly play the main part as condens- 
ing agents in the manufacture of aldehyde resins, attempts 
have been made to replace them by mineral acids or by salts 
of acid character.* "rhus, acetaldcdiyde (800 parts) is resinilied 
with sulphuric acid (400 ])arts of 25 per cent acid), by first 
heating for some hours to 40^’ and then to 100° 0. After 
separation of the acid, the tough mass so obtainc'd is converted 
into a hard resin by further heating for a- considerable period 
to 150° (J. Such products, which may also be obtained, for 
example, with sodium disuljdiate, or from paraldeliyde, croton- 
aldehyde, and so forth, are distinguished by low melting points, 
and are intended for admixture with other resins of higher 
melting point, in order to render these more fusi])le. They may 
also be hardcTied by melting with metallic oxidi^s or by esteri- 
fication, or otherwise subsequently treated. 

Apart from the above process, all attempts to produce alde- 
hyde resins are based on condensation processes iii^ which the 
reaction is accelerated by the use of alkalies or agents of 
alkaline reaction. Here and there condensation processes are 
referred to in whicdi no condensing agent is used, but in which 
pressure is employed.- Such proposals are pro])ably of no im- 
portance apart fi;om questions of patent rights. 

As an example of the condensing agents used, 5 per cent of 

^ Cojisortium fur ('loktrocliouiisclip Ituliisfrie, ({.lu.b.H., (tcniiaii Pat. 
386,689 (1921); C. (1924), 1. 1717: British Pat. 187,619 (1922); a. (1923), 
IV, 667; KuiiuM., 7,7, 125 (1923); 14, 42 (1924); Swiss Pat. 100,946 (1922); 
C. (1923), IV, 1031 ; Frpiich Pat. 667,614; Caiiailian Pat. 240,763. * 

> German Pat? 381.720 (1920); see also Oemian Pat. 29,230. 
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sodium hydroxide^ or 30 per cent of N-NaOH,^ both calcu- 
lated as percentages of the acetaldehyde, may be employed, 
but the proportion and concentration of the alkaline solution 
may be varied within wide limits. It is stated that the replace- 
ment of alkali hydroxides by alkaline earths results both in 
reducing the operating costs and in harder final products.® 
The admixture of the acetaldehyde, which is very volatile, 
with the alkaline liquor must be effected carefully in small 
portions, with stirring and cooling, and under reflux. The reac- 
tion, which is at first exothermic, is later assisted by maintain- 
ing a moderate temperature ; for examf)le, the batch may be 
maintained at a temperature of about lOO'^ C. for several hours, 
during which a viscous mass sepajates, which may advan- 
tageously be removed from the aqueous layer. The product 
is then slowly heated to 150” 0., during which ])rocess the vola- 
tile j)roducts, water and crotonic aldehyd.e, distil over. The 
attainable yield is 75 to 80 per cent of the acetaldehyde em- 
ployed, as very considerable quantities of water are li})eTated. 
Oily or viscous, resinous masses remain,^ which are only con- 
verted into hard, solid resins by suitable further treatment. 

Thus, for example, the aldehyde resin obtained by the use 
of the most concentrated possible caustic soda solution, which 
is plastic or hard in the cold, is treated with superlujated steam 
at about 150” ()., which removes the last traces of croton-alde- 
hyde.® The mass, wliich is practically odourless, is then heated 
to 150" 200” (^. whilst a current of air or other inert gas is led 
through it. Tlie influence of high temj)eratures (below 200” C.) 
on the properties of the intermediate resin, the so-called 
“ thermal freatment,” is of extreme importance.® It has been 
found that prolonged thermal treatment is of axl vantage, not 

1 (Jnrmaii Pat. ;{Sl,72C 

Moorman Pal. (1921). 

^ Klcktrizitatswork Lonza Swj.sh Pat. OOjStiS (1920); (J922), If, 

879. 

* On tl)o MHO of 8uc*h produrtH a.s subBtitutos for linsood oil, ^ FarV>on- 
fabrikeii vorm. Bayer & Co., (rennan Pat. 317,731 (1917); (\ (1929), II, 469; 
Kunstst., 19, 21 (1929). 

® ElektrizitatHwerk Lonza Swiss Pat. 89,961 (1929); (\ (1922), II, 

209. • 

* ® Consortium fiir eloktrochemiHC’bo Industrie, C.m.b.H., Gorman Pat. 
381,720 (1920); Swiss Pat. 97,062; I'. (1923), IV, 667; Kunat8%, 13, 126 (1923). 
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only with the soft resinous products but also at other stages 
of resin production, as, for example, before the removal of the 
volatile components by distillation. It is also to be recom- 
mended for the various products which are obtained by the 
processes of purification and after-treatment which we are about 
to describe. It always results in a higher lustre and increased 
hardness of the resin, whilst the solubility and fusibility are 
maintained. (See page 266 ei seq.) 

A further process^ for the conversion of the liquid or soft 
jirimary condensation i)roducts into solid, amorphous masses, 
consists in treating the aldehyde resins with substances of 
alkaline redaction, whilst finely dispersed by intensive stirring. 
In this case the presence of a solvent for the aldehyde resin, 
such as alcohol, assists the action of the alkaline agent. 

The use of the aldehyde resins obtained by tlie processes above 
described, CA^en though they were very hard, was attended by 
the very serious disadvantage, eoni})ared with the use of natural 
resins, that the former were more or less attacked by water; 
when placed in cold water they tended to become coated with 
an opaque lay^r, and with boiling water alkali was liberated in 
the form of a resin soap. It was found possible to secure fast- 
ness to water by two distinct processes. According to one pro- 
cess^ the condensation products obtained with alkali are dis- 
solved in suitable solvents, such as glacial acetic acid or acetone, 
and then rejaccipitated by water. Tlie stages of hardness of 
the products tieated is unimportant, tliat is, the products puri- 
fied may consist of the soft, primary condensates or the more 
or less hardened products which have alread}’^ I>een subjected 
to thermal treatment. The same is true in principle of the 
second process,® according to w^hich the resins are not merely 
well washed with water, as is usual in any case, but are 

* Consortiiiin fiir olektroclieinisclie Industrie G.iu.b.H., Swiss Pat. 97,001; 
r. (192:J), IV, 007; Kunstst., 13, 125 (1923); Gorman Pat. 379,832 (1920); 
C. (1923), ly, 1031. , 

2 Consort iiirn fiir oloktroohoiiiisohe Industrie G.m.b.H., German Pat. 393,645 
(1921); (/. (1924), I, 2744; Swiss Pat. 100,196 (1922) ; 6'. (1924), I, 1717; French 
Pat. 533,420; C. (1923), IV, 601 ; British Pat. 182,469 (1922); C. (1923), IT, 
1000. 

® Consortium fureloktrocliemfsche Industrie G.m.b.H., German Pat. 423,701 
(1921); C. (1926), I, 2162; French Pat. 663,420; C, (1923), IV, 601; BritisH 
Pat. 184,442 (19^2). 
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intensively treated with that liquid in a very fine state of sub- 
division in a porcelain ball-mill. This wet grinding process is still 
more effective if the water is replaced by acid. Resin which 
has been washed in tliis manner is said to be unaffected even 
by boiling water. Resins so treated are also specially recom- 
mended for use with fatty oils. 

The resins produced and purified by these various processes 
may then be subjected to A^arious subsequent treatments and 
their jiroperties thus miue or less changed. 

The various products may be hardened l)y treatment with 
metallic compounds.^ For example, 100 2 )arts of acetaldehyde 
resin obtained with alkali, of softening point 111 ' C. (Kraemer- 
Sarnow) are melted, and 2 per cent of aluminium hydi’oxide 
gradually added at a temperature of about 200^’ C. and the 
batch vigorously stirred. The product shows a setting 2 >oint of 
150‘^’C. 

Greater elasticity, lower melting point, better solubility in 
alcohol and paler colour are alleged to be imparted to aldehyde 
rosins by tlie iiiccuporation of hydroxy-aedds or of substances 
containing carbonyl grou[)s.2 Such additions comprise those 
of diljydroxystearic acid, ricinoleic acid, dihydroxyabietic 
acids, ^ salicyelic acifl, castor oil, mesityl oxide, in some cases 
under pressure, and may be (*arrie<l out in the luesence of a 
solvent which is afterwards distilled off. The above-mejitioned 
materials may, hoAvever, also be added to the raw materials or 
to the reaction mixtuie.^ For exanqde, 30 parts of castor oil 
are saponified with 75 ])arts of 2N-NaOH and 100 parts of 
aldehyde are allowed to flow into the solution so obtained, with 
stirring aiid under reflux condensation. The whole is then 
heated under reflux for five hours to about 100° C., the volatile 
matter distilled off, and the residue heated to 150° C. The 

^ Consort iuiJi fiir tiloktrochomisclio liulustrio O.m.b.H., Corrnan Pal. 394,946 
(1921); a, (1924), Jl, 1138; Kuntttst,, 14, 139 (1924). 

Consortium fiir olokt rocliomisolie Industrio 0.ni.b.H., ( Jorman Pat. 422,538 
(1922); C. (1926), 1. 22^ , KunstsL, 16, 1,36 (1926); French Pat. 569,517(1923); 
C, (1924), II, 1137; Kunstst., 14, 1.39 (1924). 

® On production, sec Oerrnan Pat. 426,283. 

* Consortium fiir olektrorhcmische Industrie C.m. V j.II., Corman Pat. 43.3,863 
(1922); C. (1926), II, 2500. On tho condeJisat'ion of colophony with aldol or 
croton -aldehyde in presence of a solvent and of an acid condensing agent, see 
Farbwerke vorm. Meister, Lucius & Briining, German Pat. 406,530. 
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resinous residue in the pan is ground in a ball-mill with three 
times its weight of 3 per cent acetic acid, after which the 
powdered resin is filtered, washed, and then heated to 200'^ C. 
for some time. The products so obtained^ can naturally be 
treated by other methods of purification or after-treatment or 
hardening, as described above, or by the oxidizing treatment 
described below.' 

It is alleged that solubility in borax and soda solutions can 
be imparted to aldehyde resins by oxidizing treatment, which 
forms acid groups ; this treatment can be applied to the resin 
in the molten, dissolved or suspended state, but preferably in 
solution.^ The oxidation ])rocess can be accelerated by the 
action of suitable catalysts, such as compounds of manganese, 
chromium, iron, load, and co[) 2 )er, and also by organic super- 
oxides. Apart from imparting solubility in weak alkalies, the 
treatment also bleaches and hardens the resins. The oxidized 
aldehyde resins, which sliow in other respects the solubility of 
the ordinary products, may be further hardened by esterification 
with alcoliolates oi* by interaction with metallic bases or salts. 

For example, 10 parts of aldehyde resin are dissolved in 
100 parts of glacial acetic aeid, and ozonized oxygen is then led 
through the solution for a considerable time. The colour of 
the solution becomes paler. The resin is then j^recipitated by 
addition of water. The oxidation can also lie (^ffe(*ted by treat- 
ing a solution of aldehyde lesin in glacial ac(*tic acid with 
oxygen in the 2 >resenci^ of a very small amount of manganese 
acetate, or a sus 2 )ension of aldehyde resin in water witli oxygen 
in [iresence of a small amount of pciananganate. 

The fact is also of intc;rest that aldehyde resins produced in 
an alkaline medium can be converted by suitable means into 
substances which aie insoluble in acetone and in most other 
solvents, and which are also exceptionally fast to high tem- 
peratures, having melting or decom 2 )osition points of over 

^ On iiHO as linoxyn-liko iiiaasoH for tho manufacture of linolcnim, see 

Consortium fiir olcktrochonusclu* ludiistrio G.m.b.i-!., (German Pat. 434,318 
(1924); Canadian Pat. 269,177 (1925); C. (1926), II, 2857. 

* Consortium fiir olektroelioniisclie industrie O.m.b. H., German Pat. 395,053 
(1921); Austrian Pat. 96,819 (1^22); C. (1924), 11, 1138; British Pat. 185,107 
(1922); C. (1923), II, 754; French Pat. 554,555; C\ (1923), 1V^ 601; Swiss 
Pat. 100,944; C. (1924), I, 1716; Canadian Pat. 240,762; U.S. Pat. 1,489,213. 
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300^ C. ; they also withstand tlic action of hot 30 per cent 
sodium hydroxide solution and of strong hydrocliloric acid to 
a high degree. Such products are obtained either by prolonged 
heating under pressure of the aldehyde resins reprecipitated 
from solution in glacial acetic acid, or by the action of strong 
sulphuric acid, for example, on the resin, wlych may suitably 
be dissolved in glacial acetic aeid.^ Especially pale resins, 
which are also distinguished by great fastness to light, are 
obtained by trc'atment of the original products with halogens 
or with substances which liberate halogen. “ 

The raw materials for the processes which have been described 
are more especially acetaldehyde*'* and its polymers, and also 
aldol and croton-aldehyde. The use of such f)!‘oduets as butyr- 
aldehyde has also been recommended, but the products obtained 
from these arc of no practical importance. On the other hand, 
it is possible that a certain future importance may be attached 
to the aldehyde resins which can he obtained from furfurol. 
Resin formation from furfurol under the influence of alkalis 
has been studk^d by Meunier,^ and also by Mains and Phillips.^ 
Black resins are so obtained, which have promising useful 
applications for many purposes if the pn'ce of the furfurol 
which serves as the raw material should ever l)c sufficiently 
reduced, liesinoiis products can also be produced from furfurol 
in acid solution, in the jiresence of zinc, for (example.** The 
resinification of acrolein, an unsaturated aldehyde, has already 
been discussed in the General Portion (page 103 et -scr/.), on 
account of the fact that the reaction depends mainly on 

polymerization . 

* • 

^ Consortium fiir olcktrooliemiKohe Industrie (km.b.H., (Jornmn Pat. .379, 
(1920). 

2 I. G. Farbonind. A.-G., Gt'rman Pat. 448,427. 

® Tlio utilization of arolylone in the j)roseTir<« of suitable catalysts (mercury 
mlts) must also be considered as an application of a(;otalde}iyde ; see Con- 
sortium fiir elektrochcrniscbo Industrie G.m.b.H., Frencli T^at. 593,338; 
Austrian Pat. 10.3,100; (\ (1926), 11, 1791. 

* French Pat . 472,384; Kunstst., 72, 23 (1922) ; Les Matit'irps Grasses (1910), 
4616. 

6 ahem. Met Encf„ 24, 061 (1921). 

® Vereinigte Chemische Werke, Akt-.-Ges., Dr. K. Liidecke and Dr. L. 
Mamlock, German Pat. 307,622 (1917); KunMst, 9, 316 (1919); C. (1920). 
II, 38; on the production of plastic masses from a solution of cellulose esters 
iti furfurol by the addition of small amounts of acids, see Elbs-Fostor Co. 
(C. Ellis), U.S. Pat. 1,558,442 (1924); C. (1926), I, 1334. ' 

1 8— (5647) 
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PROPERTIES AND APPLICATIONS OF 
ALDEHYDE RESINS 

The aldehyde resiiiM are more or less coloured products, 
partly in leaf form, which are readily soluble in acetone, alcohol, 
and glacial acetic acid, and completely soluble, although to a 
lesser extent, in ])etroleum spirit, benzene, its homologues, 
turpentine oil, tetraline, dekaline and chlorinated hydrocar- 
bons. During the process of solution the batch should be 
repeatedly shaken, as otherwise deposits form on the undis- 
solved material, which hinder access of the solvent and conse- 
quent solution. In external appearance the aldehyde resin, sold 
as “ Wacker shellac, “ or “ Syntellac,”^ resembles natural 
shellac fairly closely. The product is fast to light, odourless, 
completely harmless (non-poisonous), and permanently solu- 
ble. It is supplied both wax-free and with wax. In contrast 
to natural shellac, the ordinary qualities are very resistant to 
the action of alkalies, but, as ah*eady mentioned, the property 
of solubility in borax and sodium carbonate solutions, which is 
so valuable a property of natural shellac, is shared by a special 
aldehyde resin (oxidized resin). The aldehyde resins differ 
fundamentally from shellac by the fact that they are not 
resistant to oil, a circumstance which is, liowever, not very 
imj)ortant, as other synthetic resins, more especially the phenol- 
formaldehyde resins, are completely fast to oil, and are there- 
fore able to replace shellac in many instances, for example, for 
electrical insulation. 

The various qualities of Wacker shellac which are marketed, 
and w^hich are intended for various special applications,*^ are 
stated to have prove<l satisfactory. Aldehyde resin is used 


^ Dr. Aloxander W»U'kt»r-(Tt‘.s. fiir elektrocheinisrlie Industrio, Munich. The 
following; information is based in part on information kindly placed at our 
ilisposal by that firm, for wliich we tender our tlianks liere. 

* Wacker shellac “ KCW,” which forms turbid solutions, as it contains 
wax, and Wacker shellac “ KW," which contains no wax and therefore forms 
clear solutions, both in leaf form, an' suitable for matte polishes, polishes, 
varnishes, and so fortli. Wacker shellac B,” forming turbid solutions, and 
“ C,” forming clear solutions, are sold in lump form, are v-ery atlhosive, and 
are suited to the requirements of tlie electrical industry. W^'acker shellac 
“ KR ” (clear soluble) in lump form, is suitable for pressed mouldings, cements, 
primings and oil varnishes ; there are many other qualities. (Information from 
the producers )C 
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for the manufacture of varnishes, polishes, matte varnishes, 
cements, primings, oil varnishes, and so forth, and for elec- 
trotechnical purposes, also, in the form of the qualities soluble 
in borax and soda solutions, for the production of textile 
finishes, polishing inks, and so forth. 

0. Edelmann has compared the insulating properties of 
Wacker shellac (Quality ECW 1 05 B) and natural shellac.^ The 
following results were obtained by measuring the surface resis- 
tance^ of various impregnated materials, being the average 
results from a large number of determinations. 



1 

T^aper 

j 

Linen 

Silk 


Megolims 

Megohms 

Megohms 

ECW 165 B . 

2,350,00<t 

192,300 

646,300 

Natural Shellac 

1,800,000 

207,000 

517,000 


The test for breakdown voltage^ gave the following figures, 
in which (1) denotes air-dry soake<l strips, and (11) soaked 
strips heated for 10 hours to V,, reduced to 0-1 mm. 
thickness. 


ECW165B(1) 

Paper 

Volts 

3,000 

Linen 

Volts 

980 

Silk 

Volts 

2,600 

Natural Shellac (I) . 

4,950 

1,300 

3,300 

ECW 165 B (11) 

6,600 

525 

3,000 

Natural Shellac (IT) 

3,940 

400 

2,200 


' Communication No. 3-4 of Bayrmciic Landesgeworbcanatalt, Niirmberg. 
See Farhe ujid Lack (1925), 54. 

Method proposed by tlic Vcrband dent sober Elcktrotochnikor (VI )E) with 
a voltage of 1,000 volts, applied to two metallic knife e^ges, 10 cm. long and 
1 cm. apart. The measurements wore raado with 66% air satxiratioji and at 
26” C. The strips are impregnated twice with a 40%, solution, and the measure- 
ments were carried out after these had dried for 14 days. Strips which had 
been further dried for J 0 liours at 70” C. gave results which did not differ 
materially. • 

* The test was carried out Viet ween two round disc electrodes with rounded 
#dges, between which the strips were held. The voltages werg measured witVi 
precision voltage transformers and voltmeters. 
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The dielectric constants were determined on paper strips, 
and gave the following mean values^ — 

ECW 106 B . . 4-6S 

Natural Shellac . .4*80 

Wacker shellac is excellently suitable as a substitute for 
natural shellac, t/hich is much dearer, as a binder in the manu- 
facture of micanite, mikarta-sheets and similar products. Jf 
Wacker shellac (Syntellac) B is used in 35 per cent alcoholic 
solution, plates and moulded masses of any shape can be pro- 
duced without any difficulty by the usual methods of micanite 
production. 

When preparing moulded articles it is advisable to add 1*5 
to 2 per cent of wood oil fatty acid, calculated on the weight 
of the Wacker shellac. In cases where (‘xceptional strength is 
required, for examj)le for difficult mouldings, the addition of 
10 per cent of calcined magnesia is said to have a favourable 
effect. This material interacts with tlie resin in the mould dur- 
ing the heating operation. The temperature to which the masses 
are exposed is 250^' C. in all cases, and the duration of heating 
50 minutes. In the ])roduction of micanite plates a pressure 
of 10kg. to 1 5 kg. per sq. cm. is applied, and the temperature 
is maintained at 150^ C,\ during 15 minutes. For the produc- 
tion of “ Collector micanite ” (pressed micanite) a pressure of 
70 kg. per sq. cm. for a period of 50 minutes and a temperature 
of lOO-lSO'^t^ are required. Mikarta sheets are produced in 
the same manner as with natural shellac. Saponified fats are 
the most suitable lubricants for the moulds. The products pre- 
pared as described, are in every way equal in quality to those 
made with natural sljellac as a binder, for example, with regard 
to appearance, mechanical strength, and more particularly with 
regard to breakdown voltage. 

Wacker shellac is recommended as a substitute for natural 
shellac for the •production of masses to be used for press- 
moulded articles, such as telephone mouthpieces and wireless 
fittings. The objects so obtained are only very slightly inferior 

^ A ca])acity bridge was tfiiied with alternating current of 840 periods. 
A three-plate condenser was formed from the paper strips, between whic^h 
tin-foil strips ivere interposed. The measurements u^ere made at ordinary 
room temperature. 
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with regard to lustre, strength, and hardness to those produced 
with natural shellac, which is much more expensive. In general, 
about 10 per cent more artificial binder is required than is 
the case with natural shellac. A compovsition for pressed 
goods may, for example, consist of 100 parts Wacker shellac 
KR, about 260 parts kaolin or magnesia, and about 30 parts 
asbestos fibre or cotton waste or the like ; 2 to 5 parts of shellac 
wax may also be added. The mixture is {)ressed in the usual 
manner in heated moulds, preferably at 160- 180"^ C. In the 
above case, 5 parts of coco-nut oil fatty acid and 1 to 11 parts 
of shellac wax are recommended as additions. It is apparently 
sometimes advisable to mix these additions to the binding agent, 
and to maintain the molten mixture at ISO 200° C. for some 
time ill order to attain as high a softening point as })ossible. 

Wacker shellac (Syntellac) B serves as an excellent adhesive 
for various purposes. Ft is an excellent insulator for both heat 
and electricity, is resistant to moisture, and moie resistant to 
soda, caustic alkalies and similar substances than ordinary 
shellac. Wacker shellac may bo used as an adhesive in the 
molten condition, for example for uniting electrical insulating 
materials, and then offers the advantage that it is not so easily 
“ burnt ’’ as natural shellac, but easily withstands temperatures 
of 200° and ovei\ It may also be used as a 55 to 60 per 
cent spirit solution. From 100 kg. of Wacker shellac B and 83 
to 102 litres of about 95 ])er cent denatured sj)irit, 170 to 190 
litres of an adhesive are obtained, which is used, for example, 
as a linoleum cement, as an adhesive in stencil-cutting, for 
uniting the felt to the rollers in wall-paper ])rinting, and so forth. 

Various»cements may be produced from Wacker shellac KR 
and various fillers, as the former is an excellent binder for the 
purpose. The cements are used in brushes, as sealing wax, for 
fastening the blades of table knives, in the sockets of electric 
lamps, and for other similar purposes. 

Wacker shellacs are also Uvsed for polislfing, for which a 
dilute spirit solution of the resin is employed. For malte var- 
nishes a spirit solution, containing about 30 per cent of Wacker 
shellac ECW, is employed. Such a sblution can be mixed with 

small percentage of shellac wax, dissolved in benzene or oil. 



270 


ARTIFICIAT. RESINS 


by which means any required degi'ee of thickening is obtained. 
Such a solution is also easily incorporated with 1 to 2 per cent 
of linseed oil, and so acquires an exceptional degree of fluidity. 
In order to obtain coatings of exceptional hardness, the matte 
varnish may be mixed with Zapon varnish or similar materials.^ 
Wacker shellac matte varnish is, moreover, miscible with matte 
varnishes prepared from natural shellac, and with solutions of 
other natural and synthetic resins. The matte varnishes are 
used in the same manner as those prepared from natural shellac. 
Paraffin oil, linseed oil, and so forth, may be used for oiling. 

A further use of Wacker shellac is as a priming composition, 
for which 40 per cent solutions of Wacker shellac KR in spirit are 
recommended . By applying this to wood , masonry, distempered 
or lime-washed surfaces, metals, an<l so forth, a priming coating 
for oil paints, which dries within half an hour, is obtained, 
which takes the covering coat satisfactorily. The rapid drying 
power of this material enables much time to be saved, com- 
pared with the use of other priming preparations. 

The use of spirit solutions of Wacker shellac KR, mixed 
with red lead, has been proposed as an anti-rusting composi- 
tion, in place of the usual mixture of oil and red lead. The 
use of Wacker shellac ECW as a varnish base for paints for 
ships’ bottoms, and for the preparation of anti-fouling com- 
positions, seems to be more promising.*^ The following product, 
containing bO per cent of varnish and 40 per cent of pigment, 
has proved successful for painting ships’ bottoms — - 


Vkhict.k. Wacker shollae (Syiitollac) ECW . . 19*7 

Methylated spirit ..... 58*2 

Pine oil . . . . . f 11*4 

Turfientiiie , . . . .10*7 

Pigment. Zinc dust ....... 7*5 

Zinc oxide ...... 42*5 

Spanish Bed ...... 25’0 

Asbestine ....... 25*0 


An anti-fouling composition should contain, for example, 60 
per centvof the above body varnish, 27-5 per cent of the above 
pigment, and 12*5 per cent of poisonous compounds. 

^ The Consortium fiir elektroc^jemisclie Industrie also supplies a colourless 
liquid, known as Matte Varnish Hardener BP 30. 

® Regarding such jiroducts, see J. ScheilK»r, Lacke und Hire Rohstoffc^ Leip- 
zig (1926), pp. 40&‘r^ seq. 
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Many of the patents already referred to recommend the use 
of aldehyde resins for the production of oil varnishes, or of the 
corresponding oil paints. Aldehyde resin is not, however, 
directly soluble in linseed oil, but requires, in common with 
numerous other natural and synthetic resins, to be warmed 
with the oil for a more or less prolonged period in order to 
ensure proper incorporation and prevent separation on cooling. 
On the other hand, the process of “ gum running which is 
required for copals, and which involves considerable loss of 
weight, is not required for aldehyde resins. 

For the production of oil varnishes, Wa(;ker shellac is recom- 
mended, and is dissolved in linseed oil at C. It is advan- 
tageous to heat the mixture furtlier for a short period to 1130- 
350° C. The varnishes are finished in the usual manner.^ 

Further details will be found in the patent literature,- accord- 
ing to which 3 kg. of aldehyde resin are melted in a pan, after 
which 5 litres of linseed varnish oil are slowly stirred in at 
150-300° C. The mixture is then maintained at this tempera- 
ture until a sample remains perfectly transparent on cooling. 
This requires from 2 to 15 hours, according to the melting point 
of the resin which is used. 

In the same patent sp(‘cifications the recommendation is made 
to facilitate the solution of aldehyde resins in fatty oils by the 
addition of natural resins soluble in oil. followed by heating 
for a considerable period to 150-300° C. It is alleged that in 
this manner oil varnishes and enamels are obtained which are 
durable and weatherproof. 

The aldehyde resins obtainable with hydroxy-acids or ketones 
are recomitiended for use as linoxyn-like materials for the pro- 
duction of linoleum, artificial leather, and so forth. Aldehyde 
resin may be vulcanized by immersion in a solution of sulphur 
chloride in carbon disulphide.^ It is then insoluble in most 
solvents, and elastic, but no longer plastic. 

^ See J. Scheiber, Lacke und ihre Nohsioffe, Leipzig ])p. 357 et seq. 

® Klektrizi tats work Lonza A.-C}., (German Pat. 372,103 (1921); SwisH Pats. 
88,191, 89,243 (1920); r. (1921), IV, 810, 1009; Kunatst., 12, 14, 22 (1922). 

® Consortium fiir elcktrocliemischo Industrie G.m.b.H., (Jerman Pat. 434,318 
(1924); Canadian Pat. 259,177 (1925); f'. (19iti), II, 2857. 

* Eiektrizitatswerk Lonza A.-O., Swiss Pat. 89,064 (1920); Kwnafat., 13, 45 
•(1923). 



CHAPTER XII 

PHENOL-ALDEHYDE RESINS 

1'hb phenol-aldeliyde condensation products of resinous char- 
acter, which were introduced technically about 25 years ago, 
have acquired an exceptionally large field of application, which 
is still steadily extending. This is mainly due to the fact that 
the method of production of these substances is capable of very 
wide variation, and products can consequently be obtained 
especially ada])ted to very varying requirements. 

As already explained (page 142 et fteq.), an essential difference 
exists between the interaction of phenols with formaldehyde 
on the one hand, and with all other aldehydes on the other ; 
this difference is of technical importance mainly owing to the 
fact that certain products j)ro<luc('d with formaldehyde possess 
the distinctive ca])acity for being “ hardened,” a process which 
is comparable with the rijiening process of natural resins, but 
w'hich can be effected within very short periods by suitable 
means, for example by heating. Apart from a few exceptions, 
such as furfurol and acrolein, the phenol condensation products 
of which are of no .serious technical importance for practical 
reasons, the other ahhdtydes produce products which are either 
devoid of the capacity for being hardened, or which possess 
it to a quite insufficient degree only, such as acetaldehyde. 

In the patent literature, which is very extensive but fur- 
nishes almost the only literature dealing with the.s« products, 
this differeno(i is not always pointed out. Very frequently, 
“ aldehydes ” in general are mentioned as components for the 
condensation with phenols, whereas it is quite clear, from 
general considerations, that formaldehyde or its equivalents 
are actually intended. In actual fact, the formaldehyde-phenol 
condensation products form by far the most important class 
of these products. 

In order to obtain a cle'ar view of the methods of production 
of these synthetic resins and of the properties and applications' 

272 
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of the various products, the following description will be 
arranged according to the aldehyde employed in each case. 
Thus formaldehyde, furfurol, acrolein, acetaldehyde and other 
aldehydes and ketones will be considered in turn as the char- 
acteristic components. More general processes of condensation 
will be specially dealt with in the formaldehyde section, so that 
the other sections will be exclusively confinecf to the considera- 
tion of the respective aldehydes and their products. 

In 1872 to 1874, A. von Baeyer^ and his pupil, E. ter JMIeer.^ 
discovered that resinous substances are formed during the reac- 
tion between phenols and formaldehyde or methylal. These 
observations were of no practical importance at that time, as 
formaldehyde was a substance which was much too difficult 
to obtain. Formaldehyde only became a product obtainable 
at a reasonable price through the technical development of 
the oxidation of methyl alcohol at the end of the eighties of 
the last century. This caused attention to be again directed 
to the resinifi cation processes just n^ferred to. The first investi- 
gators to take a renewed inteix^st in these reactions were 
Kleeberg,^ Tolkns and Hosaeus,^ and Abol.^ A proportion of 
formaldehyde greatly ex(?eoding the cquimolecular proportion 
was ordinarily interacted with various phenolic substances, 
such as phenol, resorcin, pyrogallol, gallic acid and phloro- 
gluciii, in the presence of strong acids, such as concentrated 
hydrochloric acid, sul 2 )huri(j acid, and so forth, and amorphous 
products were obtained, which were completely insoluble in 
ordinary solvents, and which, with the exception of the product 
from gallic acid, were also insoluble in solutions of alkalies and 
ammonia.* On heating to a liigli temperature they did not fuse, 
but simply carbonized. These products evidently corresponded 
with those now^ obtained as end-products of th('. hardening pro- 
cess (resites). Hosaeus and Abel moderated the reaction by 
avoiding as condensing agents the mineral acids which are 
extremely active. Thus, from /?-naphthol aYid formaldehyde, 

1 Bcr., ,5, 1095 (1872). 

Z, 1200 (1874). 

3 An7i., 263, 283 (1801); 2^4, 351 (1891). 

4 25, 3212 (1892). 

^ Ber,, 25, 3477 (1892). 
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in presence of acetic acid, Hosaeus obtained a crystalline pro- 
duct, soluble in alcohol, acetone, and ether, namely, ^S-dinaph- 
tholmethane. In a similar manner Abel obtained crystalline 
products from ^-naphthol and menthol, whilst from a-naphthol 
and guaiacol he was only able to obtain soluble oils or amor- 
phous masses (resins). Similar observations on the interaction 
of formaldehyde with phenols in the presence of very small 
amounts of mineral acifl and when using the theoretical quan- 
tity of formaldehyde, were communicated by N. Caro, L. Kahl, 
Cbster van Voorhout and Traubenberg.^ 

Even these few observations plainly showed the influence 
exerted by the condensing agent (acid) and by the jiroportion 
of formaldehyde. J^oth these factors played an important part 
in the technical development of these j>rocesses. which com- 
menced at the beginning of the present century. Three aims 
may be distinguished, according to the purposes for which the 
various resins were intended. At first attempts were made to 
develop the process in such a manner as to obtain a product 
which might serve as a shellac substitute, more particularly 
for use in spirit varnishes and polishes. The object was, there- 
fore, to obtain a product which dissolved easily in alcohol, and 
the solubility of whic^h did not decline through further trans- 
formation on storage. It was also of importance to moderate 
the violent reaction, which led to the ])roduction of insoluble 
and infusible masses, in order to obtain the primary resinous 
substances, which are soluble and fusible and which could then 
be further transformed as desired. Finally, attempts were mad(^ 
to convert the ordinary fusible phenol-formaldehyde condensa- 
tion products, which are insoluble in hydrocarbons^ and fatty 
oils, in a technically feasible manner into products soluble in 
those solvents, in oixler thus to place the use of these products 
in the varnish industry on a broader bavsis, and to obtain copal 
substitutes for the production of oil varnishes. 

As a result of th^se attempts, three main classes of phenol-form- 
aldehyde condensation products have been developed, namely : 

* On tho liistorical development, nee L. H. Baekeland, Chem.~Ztg. (1909), 
:{17, 326, 347, 358, 1268; (191*2), 124L5; H. Lebadi, Angew. (1909), 1598; 
(^hem.-Ztg, (1913), 733, 750; see aLso Ullinann, Encyclopaedia^ II, 129; VII ^ 
297; Bottler, Ku^istharze, Miinehen (1919); etc. 
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1. Shellac substitutes (novolacs); 

2. Hardening resins (resoles) ; 

3. Copal substitutes ; 

to which we will add a further category, 

4. Sundry other products. 

SHELLAC SUBSTITUTES (NOVO^AKS)' 

Phenol-formaldehyde condensation products were first tech- 
nically applied as shellac substitutes, stimulated by the rising 
price of shellac. Although a perfect substitute was at first out 
of the question, the new phenolic resins showed an astonishing 
similarity to natural shellac, especially with regard to solu- 
bility, being also soluble in alcohol and insoluble in hydrocar- 
bons and fatty oils, so that a wide field was open to them in 
the varnish industry. As the quantities required w'ere quite 
considerable, it is conqu’ehensible that stiemuous endeavours 
were made to endow the substitutes with all qualities required 
for spirit varnish production, more esj)ecially with fastness to 
light and freedom from odour. In the course of time these aims 
were in fact achieved. 

Certain difficulties were mc‘t in the attemj)t to imitate another 
essential property of sludlac, namely, its capability of being 
peptonized by weak alkalies, such as borax or ammonia, a 
property winch is largely exploited for the production of inks, 
washes, finishes, and so forth. The ordinary phenol-formalde- 
hyde condensation products of the character of novolak are 
certainly soluble in strong alkalies, but not in alkali carbonates, 
borax, or ammonia. Attempts have recently been made to 
overcome this disadvantage by supplying the phenol com- 
ponent with acid groups before combination, or by treating 
the actual resins with suitable reagents* 

Phenol -formaldehyde condensation products of the resole 
class have also been used as shellac substitutes, for which pur- 
pose the solubiiity relations of the .so-called initial prodivits are 
entirely suitable ; the main application of these products as 
shellac substitutes is, however, rathqf in their application to 

• * On tli« dovplopment of tliew j>rocluptH hop 1j. H. Bapkoland, Chem.-Ztg. 
( 1909 ), 857 . • 
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electrical appliances than as spirit varnishes. In this latter 
field in particular the use of natural shellac has been greatly 
reduced, and it may be said that without phenolic resins of the 
resole class the development of modern electrotechnology would 
have been impossible. 

It may be broadly maintained that novolak products are 
to-day no more extensively used as varnishes than they were 
in 1913, according to the consumption ascertained by H. 
Lebach.i Apart, p 0 rhaj)s, from certain products soluble in 
benzole, petroleum spirit and oil, which have bc^en especially 
develoi)ed as copal substitutes (sec page 364 et seq,)^ the true 
technical value of plu^nol -formaldehyde condensation ]3roducts 
is associatt^d with resoles and resite products. For this reason 
we will dispense here with a general description of the raw 
materials required for novolak production, which are funda- 
mentally identical with those required for resoles. This is fur- 
ther justified by the fact that for the production of novolak the 
effect of any variations on the character of the raw materials 
is relatively nnim])()rtant,- whereas any such differences are 
of fundamental importance in the Tnanufacture of resoles. 
(See page 2S7 et seq.) 

Pl'Oduction. The first proctess for the production of a shellac 
substitute from j)1u‘jh)1 and formaldehyde was inveiited by L. 
BluiiK^r,^ who used organic hydroxy-acids, such as tartaric acid, 
as condensing agents. 

135 parts by weight of tartaric acid are dissolved with 
gentle warming in 150 parts by weight of 40 ])er cent form- 
aldehyde solution in a lead-lined, double-walled vessel; 195 
parts of ]mre, commercial carbolic acid are then ftdded, and 
the mixture carefully heated until the commencement of the 
reaction, during which heat is liberated which maintains the 
mixture at the boil for about 10 minutes. The crude resinous 

^ Choniikor-Ztg., (U)13), 733. Novolak r.^siiis havo rocjutly bo^ii usod to 
an incroi^aing oxiont as additions to oolluloso ester varnishes. 

* In so far as any such variations aro of consoqu'3nc3, they are dealt with 
in the description of the process. 

* German Pat. 172,877 (19021; V. (1906), 11, 724; KunatsL, 2, 164 (1912); 
British Pat. 12880 (1902); Cncm-Ztg-., 27. 1010 (1903); Friodlander, Fort- 
achritte der Teerfarbcnfitbrikation, Vlli, 1343; British Pat. 6823 (1903); Frenclj 
Pat. 329,982. , 
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product then floats on the surface. It is removed, })laced in 
hot water and freed from any adherent phenol or formaldehyde 
by boiling with a small amount of ammonia. The mass is then 
poured into cold water, after which it solidifies. A resin pro- 
duced in a similar manner from 155 parts tartaric acid, 150 
parts formaldehyde solution, and 290 par|s a-naphthol no 
longer melted in hot water, and had thei'ofore to he* j)urifie(l 
in powdered form. 

The products are stated to be improved in quality by subse- 
quent treatment with oxidizing agents, such as persulphates or 
perborates.! 

Other processes show that other acids are advantageous as 
condensing agents, such as suliihiirous aefid (which promotes a 
quiet reaction, as eompajcd with HCl or H 2 SO 4 , and also a 
paler product,*^) and that bases or salts, ^ or substances such as 
glycerine mono- or di-chlorhydrin,^ may be used and yield 
better results in some cases than acids. 'I'he action of a con- 
densing agent may also b(^ modified, for example, by inter- 
rupting the action of acids at a (certain stage of the ])rocess by 
adding hydrosulphites or alkali salts of formaldehyde sul- 
phoxylic acid.^ The production of insoluble j)roduets is thus 
avoided. The combination of various condiuising agents has 
also been proj)osed, such as a ju'climinary condensation witli 
acid agents and the addition of fresh quantities of phenol and 
formaldehyde together with basic reagents, folhmed by fur- 
ther condensation the action of limited quantities of mineral 

1 L. Blumor, German Pat. 217,500 (1908); FrdL. IX, 1119; G. (1910), J, 

588; KuiistMt., 2, 10 (1912). On treatment of tlie produetK witli hydrogen, 
by which litu’der resins of higher melting jioint are alleged to be |)rodu(MHl, 
st»o A. Kocli, German Pat. 354,097 (1920); (I (1922), JV, 441; iVd/., XIV, 
1135; with hydrogen sulphide, G. liriinn, Austrian Pat. 88,473; (1923), 

II, 531; KunstNt.. 13. 57 (1923). 

2 L. Sarason, (Jeniian Pat. 219,570 (1908); (7. (1910), J, 974; KunnlsU. 2, 

164 (1912); FrdL. IX, 1115. 

3 Knoll & Co., German Pat. 219,209 (1907); O. (1910), 1, 973; RumtHt,. 2, 

165 (1912); British Pat. 28,009 (1907). 

^ Bayer & Co., German Pat. 237,780 (1910); Frdl.\ X, 1052; G. (1911), 
n, 920; U.S. Pat. 1,039,858. 

5 Bayer & Co., German Pat. 234,744 (1910); G. (1911), I, 1709; KunstsL, 
/, 255 (1911); 2, 10 (1912); FrdL. X, 1054; U.S. Pat. 1,039,859 (A. Weindel). 

* Kulas and Pauling, (lerman Pat. 414,9fi9 (1920); British Pat. 159.494 
(1920); G. (1921), JV, 133; U.S. Pat. 1,414,139; Canadian Pat. 213.402; 

'French Pat. 540,297; Austrian Pat. 100,049; Swiss Pats. 94,616, 100,402; 
see also German Pais. 429,033, 431,619 • 
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acid on the condensation product obtained in an alkaline 
medium has also been proposed.^ Phenols and trioxymethyl- 
ene may also be condensed witliout condensing agents, forming 
exceptionally pale resins which are unusually fast to light. ^ 
Certain other proposals {>roved more important than any of 
these and acquired greater practical importance. 

It was recognised to be advantageous to supplement the usual 
washing process by a treatment with steam or toluene vapour. 
The use for this pur])ose of vapours of substances which flissolve 
the resin, such as alcohol, has also been proposed.® 

It has also hvon found that the use of o-cresol more easily 
leads to the production of odourless resins than that of other 
phenols, and that its condensation with formaldehyde may be 
effected by acids, ^ salts, ^ or bases.® " m-Cresol, which is much 
more reactive than any other phenol (see page 293) is stated 
also to yield resins distinguished by freedom from odour, which 
are, moreover, stated to be exceptionally pale and hard.® 
Attempts were also made to impart improved mechanical 
properties to the products by vsuitable additions.*^ This seemed 
to be a promising endeavour, as the elasticity of coatings of 
natural shellac is mainly ascribed to the presence of natural 


' Bakelit/O (J.iii.b.H., K. Howson. (iermaii Pat. ,‘}40.990 (1920); (\ (1922). 
II, 39; Frdl., XIII, 045; British Pat. 159,4(>1 (1921); (\ (1921), IV, 132; 
French Pat. 531,467; (\ (1922), IT, 704; Swiss Pat. 94,231 ; (\ (1923), 11, 411. 
2 F. Poliak. German Pat. 310,894 (1911); (1919), II, 428. 

» Knoll & Co., Gorman Pats. 219,209 (1907); C. (1910), I, 973: 219,728 
(1908); C. (1910), 1, 1075; Frdl.. IX, 1121 : sec also British Pat. 28,009 (1907); 
French Pat. 395, (>57 ; also A. A. Drummond, British Pat. 274,581; C. (1928), 
II, 497. 

4 F. Baver & (^o., German Pat. 201,261 (1907); Frdl., IX, 1116; C. (1908), 
II, 1752; Austrian Pat. 38,663; Swiss Pat. 40,639; British Pat. ^6,317 (1907); 
French Pat. 384,425 (1907); Gcntsch, IT.S. Pat. 924,449 (1909); see also 
Baekeland, U.S. Pats. 1,306,681 (1919); 1,401,953 (1922), who recommends 
the products as plasticisers for other hardcaiing phenolic resins. 

Knoll & (Jo., loc cit. 21. 

® L. Bhirner, German Pat. 206,904 (1907); C. (1909), I, 965; Kumtat.^ 2, 
165 (1912); advantageously in the absence of air, Frdl., IX. 1118; Austrian 
Pat. 41,480. 

’ On condimsation witliout condensing agent, hut mider pressure, and on 
a resin stf produced, see Aylsworth, U.S. Pat. 1,1 11,287. 

* CVim. Fabr., K. AllxTt and L. Bereiid, German Pat. 301,374 (1913); 
C\ (1919). TV, 918; FrdL, XIll, 650; see also German Pat. 304,384 (1913); 
G. (1919), IV, 1053; Frdl., XIII, 652. , 

* See tile results of the investigations of the Wiener Versuchsanstalt fiir^ 
chemische Geworbe (Vienna Research Station for Chemical Industry). 
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wax. Moreover, such additions sometimes enable the cost of 
the product to be reduced. The following additions have been 
proposed: vinyl derivatives^, resin acids or resins (especially 
colophony^), casein®, aldoses,^ and also substances which 
simultaneously act as condensing agents, such as natural 
resins and balsams, tars and so forth, •'* saponifiable fatty oils, 
waxes or fatty acids of high molecular weight^ (products so 
produced being marketed as “ Albertol ” shellacs), camphor 
and ethereal oil."^ A shellac substitute is also stated to be 
obtained by the acid condensation of phenol with formaldehyde, 
with the afldition of starch hydrolyzed by nitric acid, stearine, 
and resin. ^ A similar elasticizing effect is produced by the use 
of formaldehyde-glycerine condensation products, such as 
formal-glycerine, in place of glycerine itself/^ and also by the 
use of components prepared from fatty oils and phenols.^® 

During recent years less work has been done on the develop- 
ment of processes for the production of novolak resins. This is 

^ Plaiisons Forsclivmgsiiistiliit (i.rn.b.H., (Joriiiaii I*al. 304,045 (1918); 
Frd/., XIV, 1107; LT.S. Pat. 1 ,451,834 ; Hntisli Pat J50,15J(J9 l>0) ; (\ (1921), 
II, 743; ac'cordin^ to (iemuui !*at. ,352,003 and 430,445; (\ (1922), TV, 157; 
(1927), T, 190, M<‘ilacli, M(‘lamid and A. Ka‘l>orksf*lu‘ Montanworke obtain 
othors by Hub8equ<‘nt Innittruait of iho initial products with allyl or vinyl 
halides in alkaline solution, soine of which may be used as substitutes for 
fatty dryin^T oils, 

^Sarason, (Jernian Pat. 193,130 (1900); (\ (1908), 1. 1002; Frdl, VIIJ, 
1347; Lingnor, French Pat. 380,002 (1908). 

« Jl. Kiihl, (iernian Pat. 280,048 (1913); (1915), 1, 100; Frd/., XIl, 683; 

Kunstut. 6, 9 (1915); Nakaniski, Japanese Pat. 34,922 (1919); 31,912 (1919); 
see also Kiihl, fVicm. 7nr/., 37, 559; (\ (1914), 11, 1480; Kunstsl., 5, 190 (1916); 
Berend, FarbftizeiUj, 20, 411 ; (\ (1910), 11, 1201; K. Albert, L. Berend, XJ.S. 
Pat. 1,040,850; French Pat. 430,720. 

^ A. Ban, British Pat. 218,054 (1923); <\ (1920), 11, 1 474 ; 7v 16, 254 
(1920). • 

® K. Albert, L. Berend, (Iernian T*at. 254,411 (1910); (-. (1913), 1, 351; 
Frdl., XT, 849; French Pat. 441,547 (1912); British Pat. 1,209 (1912); Swiss 
Pat. 72,631 (1916). 

« K. Albert, L. Berend, Uerman Pat. 209,069 (1911); (1914), 1, 692; 

Frdl, XI, 852; Knusm., 4, 172 (1914). 

’Dr. J. Perl & Co., Uermaii Pat. 390,510 (1919); Frdl, XIV, 1148; C, 
(1924), IT, 1411; Kunatsl, 14, 150 (1924). 

8 E. Noa, Cemian Pat. 237,743 (1908); Frdl, X, 1055; (\ (1911). IT, 1294; 
French Pat. 419,001 ; Kuuatal, 1, 91, 437 (1911); 2, 10, l(i5 (1912). 

® Les Produits Chimiquea do Croi.ssy. Ltd., German Pat. 210,012 (1907); 
Frdl, IX, 1117; Kunstst, 2, 104 (1912); C. (1909), 11, 81 ; Swiss Pat. 4:1,633; 
Kunatsl, 1, 313 (1911); 2, 94 (1912); US. Pai*. 900,219; 2, 95 (1912); 

► British Pat. 10,628 (1908); French Pat. 390,713. 

Bakelite Corp., L. C. Byck, U.S. Pat. 1 ,690,079 ( 1 923) ; C.J 1 926), II, 1 793. 
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due to the fact that the demand for these products, which was 
always limited, has been still further reduced by the increasing 
competition of cellulose esters. In addition, the various pro- 
cesses which have been developed for the production of the 
far more important hardening resins of the resole class, which 
have resulted in advances, for example, in the fastness to light 
of those j)roducts, are also applicable with but little modifica- 
tion to the production of the shellac-like products. We may, 
therefore, refer to the section on the production of resol 
resins for information on further developments in novolak 
production. 

We must, however, refer here to the endeavours which have 
been made to reduce the j)roportion of formaldehyde to phenol, 
in which respect the choice of condensing agent has been found 
to be of considerable influence.^ It has been found that if acid 
condensing agents are used, such as acids of all kinds and acid 
salts, the reaction proceeds very far if but little more than 
1 mol. of formaldcdiyde is pi'esont per 2 mol. of phenol, and 
that a fusible and soluble resin is thus produced in a very 
constant time of reaction. On the other hand, as the propor- 
tions approach 1 mol. of })heno] to 1 mol. of formaldehyde the 
products acquire the property of hardening to an increasing 
extent, and on this tendency both the concentration and 
strength of the acid and the time of n^iction have a predomin- 
ant influence. 

Bases and salts whi(;h hydroly.sc with production of a basic 
reaction are not generally found to be suitable for the produc- 
tion of novolak n%sins, with the (exception of the processes based 
on the use of o-cresol (see page 278), as in contrast to acids 
and acid salts, even traces of basic products affect the reac- 
tion in such a manner that so-called phenol-alcohols are pro- 
duced from molecular proportions of phenol and formaldehyde.- 
As this reaction also occurs in the presence of excess of phenol, 
for example, when 2 mol. of phenol are present per molecule 

^ L. H. Batikelaiid, Chcrn.-Ztg. (1909), 917, 320, ,347, 3.5S; idem., 857; idem. 
(1912), 1945. 

* Soe Lederor, J. prakt. Chem. (2) 50, 224 (1894); Manasse, Ber., 27, 2408 
(1894); Farbcnfabr. vomi. Bayor & Co., Gorman Pat. 85,588; Chem.-Ztg. 
(1896), 275; Manasso, U.S. Pat. 526,186 (1894). 
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of formaldehyde, in the case of alkaline condensation the sur- 
plus of phenol above 1 mol. remains practically unchanged.^ 
The different results obtained with acid condensing agents on 
the one hand and alkaline agents on the other is demonstrated 
exceptionally clearly by the experiments of W. R. Ormandy 
and E. C. Craven, ^ the results of which are tabulated below. 
The course of the reaction between phenol and formaldehyde 
was followed by removing samples of the reaction mixture at 
intervals, and determining the foiinaldehyde contents of these 
by the peroxide method. For example, on heating a mix- 
ture of 100 gm. phenol and 100 c.c. 40 per cent formalde- 
hyde on the water-bath at 100*^ C., the following values were 
obtained — 


REACTIOlSr WITH ALKAEIXK CON l)RXSlN(i ACCENT 
(Anurioiiia of S])ocifi(' (Jravity 0*880) 

Duration of heatiTij 2 j (hours) ... 0 > 1 2 4 

Mixture aloiio formaldehyde ) . . 10*2 18*5 18*r> 18*5 J9*0 

Mixture -f- H'J) aiiunonia formalde- 
hyde) 10-2 15*5 12*5 8*0 2*9 


REACTION WHTH A(dl) (M)NI)ENS1N(J AOENT (IMiosi’uouk ac id) 
(lOOgm. Phenol, 125 e.e. 40‘\, Formaldeliyde Solution) 


Duration of h(iating (hours) 

W^ith O*32o a-f ^l (‘\) formaldehyth 


0 

1 

1 

2 3 

3i 

20*4 

19*4 

17*4 

15*5 14*8 

14-8 

20-4 

J7-1 

15*8 

13-3 


20*4 

17*1 

15*0 

14*0 



Whereas, therefore, in basic condensation, practically all the 
formaldehyde reacted, so far as could be ascertained by the 
method of formaldehyde determination whitdi was adopted, in 
acid condensation a considerable portion of the formaldehyde 
remained uncombined. Jf, in the latter case, a reaction is 
assumed between 1 mol. formaldehyde and 2 mol. phenol 
(dihydroxydiphenylmethane formation), it will be found that 
an excess of 14-4 per cent formaldehyde remains, a. hgure which 
corresponds very closely with the values experimentally found, 
as these obviously aj)proach the equilibrium conditions. 

By the action of acids on j)henol-alcohols, jiroducts may be 
obtained which to some extent resemble the shellac substi- 
tutes obtained with acids from phenql and a small proportion 

1 H. Lebaoh, CJum.-ZK]. (1913). 734. 

2 J. i^oc. Chem. hid., 42, 18 T (1923). 


19— (5647) 
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of formaldehyde, more particularly with regard to solubility in 
alcohol. Substances of this character have been known for 
many decennia under the name of “ saliretines.’'^ The forma- 
tion of such compounds may be mainly ascribed to anhydriza- 
tion processes, and may play some part in the processes first 
referred to above. ^ The fact that a certain hardening capacity 
is present is shown by the disappearance of the solubility in 
alcohol when ])henol -alcohols are heated for a considerable time 
to temperatures over lOO'^ C.**^ 

Finally, w(^ must refer to processes by which phenol-form- 
aldehyde condensation products arc produced which are soluble 
in weak alkalies, such as borax or sodium carbonate, and which 
arc specially intended for use as textile finishes, and so forth. 
This solubility is attained^ by replacing the phenols, wholly or 
partially, by phenolcarboxylic acids, such as salicylic acid and 
p-hydroxybenzoic acid,^ phenol-ether-carboxylic acids, such as 
o-methoxybenzoic acicF’, arylhydroxyacetic acids,’ or other 
arylhydi'oxy-fatty acads.^ Th(*. substances just mentioned 
are condensed with formaldehyde (usually less than 1 mol.) in the 


‘ l*iria, Ah'H.., f)(), IJ7 (1845); Mt'yor-.Jaeobson, Lvhrhuvh, II, 1, 408. 

“On llid prodiuM ion of substitulos for iiat\iral roKins by lu*ating phenol 
alcoliols vacuo, scm' Fabricpn^K do l*rodiii<K tie CM»jiuie Organiquo Do Lairo, 
(lorman Pat. 180,252 (1905); (\ (1907), II, 2002; Britisli Pat. 15,517 (1905); 
B 4gian ]*at. 1 92,590 (1900) ; Froueh J*als. 350, 1 80 ; 3()1,539 ; turptmtiuo oil and 
earriplior od, and so forth, are refori-ed to as solvents. On the production of a 
synthetic n^sin by heating a mi\tun' of o- anti |)-hytlroxybenzylalcohoi with 
acids, see Farbw. vorrn. Meisttjr, l.ucius & Briining, Oennan l^it. application, 

F. 43,81 1, (’lass 22h, of 2lHt. October, 1918. 

3 Do Laire, Oerman J»at. 189,202 (1905); (\ (1907), 11, 2002; Frdl VIII, 
1345; F. Uaseliig Angcw. (1912) J 940 ; rt‘gar<lnjg hardening see Bac^keland 
U.S. Pat. 1,033,475, 1,140,045; KanstsL, 5, 239 (1915); Belgian Pat. 213,670; 
French Pat. of addition 1 1,028; IT.S. Pat. 1,187,232 (in the presrtice of bases); 
f), 2118 (I91(i). 

• See also 0. C\)hn, ('hcm.-Zlg. (1910), 725; On Artificial Hesin Acids. 
‘’Farbw. vorin. Meister, Lu<‘ius & Bniniiig. (ilt*rman Pat. 33t>,495 (1919); 
Vrdl, XIU, 050; (\ (1922), i\\ 51 ; Oerman Pat. 357,757 (1920); FrdL, Xl^^ 
1159: (\ (1922), IV, 950. 

» The same, Oerman Pat. 357,758 (1920); Frdi., Xl^^ 1169; C. (1922), IV, 
950; German Pat. 358,401 (1920); Frdi., XIV, 1100. 

’ Tlie.same, Gorman Pat. 304,040 (1919); Frdl, XIV, 1170; G. (1923), II, 
921; German Pat. 371,147 (1920); Frdl,, XIV, 1171: German Pat. 439,962; 

G. (1927), I. 1631. 

» The same, German Pats. 371,148 9 (1920); Frdl, XIV, 1172-3; G. (1923), 
IV, 601. ' 

•The same, Gemian Pat. 386,73.3 (1920); Frdl, XIV, 1163; C. (1924), 1, 
2744; KunsM„:U, 107 (1924). 
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usual manner, and in some cases by lieating under pressure.^ 
Resins of similar solubility are obtained on treating fusible, 
resinous products of the condensation of phenols and form- 
aldehyde with sulphuric acid,- or with halogenated fatty acids.^ 
The resins soluble in borax and so forth may also be melted 
together with natural resins, after which the mass may be fur- 
ther hardened by treatment with oxides and so forth The 
products form varnishes which give non-adherent coatings. 
The resins obtained by the processes described above are not 
only soluble in borax, but also in alcohol and acetone, and are 
insoluble in hydrocarbons. 

Properties and Applications. The ]>roducts known as shellac 
substitutes are marketed under various trade names, such as 
Laccain, Novolak, Abalak, Sibolite, Metakalin, Tssolin, Bucher- 
onium, and Albertol shellac, some of these being supplied in 
more than one quality. They are completely colourless, yellow 
or brown juoducts, having practically the same solubility in 
various solvents as natural shellac, with the excej)tion that 
certain special varieties only are soluble in borax. They are, of 
course, all soluble in methylated spirit, forming clear spirit 
varnishes, ready for immediate application. Most of them are 
practically insoluble in hydrocar l)ons, in wliich some are abso- 
lutely insoluble. They arc unaffected by mineral oils, such as 
transfornuu* oil. They are also resistant to water, acids, am- 
monia, and other weak alkalies, but not to strong alkalies such 
as alkali hydroxide solutions. Some of them are very hard and 
have high melting points (up to 150° C.).^ They arc also char- 
acterized by caj>aciiy for receiving a high j)olisli, spreading 
power and liigh lustre of the coatings. They suffer under the 
disadvantage for some purposes that the coatings have not the 
same elasticity as those produced from shellac. Otherwise the 
excellent qualities already mentioned, together with capacity 

1 The same, German Pat. 358,401 (J920); 371,149 (19^)). 

* L. Levy, British Pat. 273,756. • 

® Farbw. vomi. Meistcr, Lucius & Briining, German Pat. 391,539 (1920); 
FrdL, XIV, 1165; G. (1924), II, 1028; see also I. G. Farbenindustric A.-G., 
German Pat. 439,962; C\ (1927), I, 1631 ; Gerriian Pat. 449,276; C, (1927), !!> 
2237. The products are known as “ SyAlhetie resin E.” 

• « The same, German Pat. 422,910 (1*921); C, (1926), I, 2254. 

® On molecular weight, see L. TI. Baekeland, Ghvm.-Zkj. (19S9), 857. 
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for admixture with pigments, render these shellac substitutes 
valuable materials for the varnish industry, which are able to 
replace shellac in very many cases. The faults of which com- 
plaint was frequently made formerly, such as phenolic odour 
and unsatisfactory fastness to light, may be said to be now 
overcome.^ f 

The spirit varnishes are mainly used for the production of 
polishes, for which purpose producers must comply with cer- 
tain precautions in order to obtain satisfactory results. These 
resins may be dyed vith aniline dyestuffs as desired. They 
may also be employed incorporated with pigments, and so forth. 
Latterly, resins of the novolak class have also acquired some 
importance as additions to celhdose ester varnishes, in order 
to improve the coats obtained with these, with regard to lustre, 
body, adhesion and stability. 

HARDENlNlf RE81N8 (RE80LE8)2 

The hardening resins ” of the phenol-aldeliyde class, which 
were introduced about the year 1907. are used as sliellac sub- 
stitutes for varnishing purposes in special eases only, although 
in the electrical industry they have replaced natural shellac 
practically com}»l(‘t(‘ly.^ '^Fheir solubility esi>ecially in spirit, 
enables them to ha widely used as adhesives for the most 
various materials, llieir fusibility has led to their employment 
for castings. The hardenirig })rocess to w hich all these products 
are susceptible, converts them into extrenu'ly resistant masses, 
which are widely used, both in the (‘leetrical industry^ and in 
the various industries which use plastic masses for fancy goods, 
and so forth . 

^ Vo^\To\^^ri, 46, 513 (1922); 47, 829 (1923); Kunslst., 13, 111 

(1923). 

* On the technical dovclopincnt hoc L, H. Bat^kcland, ('hmi.-ZUj. (1909), 317, 
326, 347, 358; (1912), 1245; H. Lchach, Anqcw, (1909), 1598; Chvm.-Ztg. 
(1913), 733, 750; also Ullmann, EnzyMopadk, II, 129; VTI, 297; Bottler, 
Kunstharze, Muncluth (1919); O. Elli«, Synfhetic and Their Plastics, 

New Ydrk (1923). ' . . 

® It should bo noted, however, that natural shellac is again being used for 
certain sjWH'ial electrical applications. It is also preferred to resoles for the 
production of gramophone difir’s. 

“* The annual consumption, for thi*8 purpose only, in Europe and America 
during 1925 was estimated to be at least 4,000 tons, and has probably increase^i 
since; H. Lebrfch, .4w/<’w., 38, 1092 (1925). 
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The so-called “ hardening process,” the capacity of under- 
going which is the characteristic j)roperty of these products, 
depends on the fact that when heated they are more or less 
rapidly transformed into completely neutral, odourless, infus- 
ible, and insoluble products, a process which is to some degree 
analogous to the ripening of copals.^ It is a very important 
feature of this process that it can, if required, be carried out 
very rapidly, for example, in the course of a few minutes, and 
by the application of temperatures of about 100° C. which do 
not affect even the most sensitive fillers or supporting bodies. 
Regarding the details of the process, see page 142 et seq. 

Production. The raw materials used foi* the production of 
phenol-formaldehyde resins are primarily technical carbolic 
acid, which is a mixture of the three isomeric cresols, and 
formaldehyde, which are usually em])]oyed in approximately 
equimolecular proportions, although an excess of formaldehyde 
may also he used.- The condensing agents used are almost 
exclusively sul)sta.nces whi(‘h form hydroxyl ions, i.e. bases, 
es])ecially ammonia^ and salts of alkaline reaction. The reac- 
tion is started by heating and first results in the se})aration of 
a viscous"* layer of so-called “ liquid resin ” of relatively high 
specific gravity, which may he se})arated from the aqueous 
liquid. On cai rying the reaction further, the volatile (lonstitu- 
ents are volatilized and a so-called “ solid resin ” is obtained, 
which is liquid whilst hot, but forms in the cold a solid, brittle 
])roduct of softening })oint 50 - 60° C. These two products which 
are designated liquid and solid ” initial ])roducts ” l)y Baeke- 
land,^ and rc'soles ” by Lt4>ach,® are sold in Germany by the 
Bakelite <}.m.h.H. as “ Bakelite A,” and form the starting 
point for the majority of technical applications. In countries 
other than (ilermany registered trade names for the analogous 

1 Kitnier, Ant/rtr., 30, .‘ja (llMKp. 

“On hyj'ionic i)recautioiis during the manufacture^ of tfiese produedH, see 
Sachs, Winu^r kHn. Woehennehr, 34, tmi (1921); C. (1921), IV, sr>a. 

3 (German Pats. 22S (>39; 281,454 

On the viscosity of those products, works control, and so forth, S€h^ A. A. 
Drummond,,/. Soc' Chem. I ml., 43, 238, 323 (1924); T. (1925), I, 309 ; 

75, 3 (1925). • • 

British Pat. 1,921 (1908); V.S. Pat, 942,809 (1909). 

« Angew., 22, 1598 (1909), 
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products have also been acquired, such as Redmanol, Sipilite, 
and so forth, the resole character being indicated by the suflSx 
A, whilst the transformed product is characterized by the 
suffix C. (See page 146.) 

The original method of producthm just described has been 
modified in very, many directions. The reason for the very 
intensive atiention which has been devoted to the develop- 
ment of the process is, that since it was originally exploited 
technically by Baekeland, the hardening phenol-formaldehyde 
resins have fourul wide technical application and have, conse- 
quently, attracted much attention. Apart from numerous pro- 
posals which were mainly due to the desire to circumvent the 
numerous patents by which Baekeland’s process was protected, 
a number of improvements became necessary for the reason 
that the resoles were also the starting point for the production 
of resites, phenoplasts, or final y>roducts. The first proposals 
for th(‘ technical application of such products, by Smith, ^ 
Lnft,*^ and W. M. Story‘s already aimed at the apj)lication of 
such materials as substitutes for amber, ivory, horn, tortoise- 
shell, and so forth. As soon, however, as an actually practic- 
able substitute was found by Baekeland, in the form of Bake- 
lite C,” this attracted more attention than the exploitation of 
the resole resins themselves, which was at that time being 
technically developed. The requirements which are demanded 
of a phenoplast, with regard to mechanical properties, colour, 
fastness to light, capability of being worked, capacity for taking 
a polish, lustre, and durability, are quite exceptional, and it is 
not surprising that the development of really satisfactory 
unfilled products by the procu'sses teidinically available for the 
production of resole resins, although solved fundamentally, can 
only be carried out by the most scrupulous attention to many 
details. 

'A. Smith, GermautCrtt. I12,<)S5 (1899): Chcm.-7A(f. (191)0), 740; British 
Fat. 16,247 (1899); U.S. Fat. 643,012 (1900); Austrian Pat. 3,198. 

2 A. Luft, German Pat. 140,552 (1902); Chem.-7Aq. (1903), 374; U.S. Pat. 
735,278 (1903) ; French Pat . 320,991 ; Austrian Pat. 14,037 ; British Pat. 10,218 
(1902). 

» German Pat. 173,990 (1905) ; C, ( l9Uo). II. 990 ; British Pat. 8,875 (1905) ; 
Chem.'Ztg. Hep. (1906), 298; see also French Pat. 353.995 and addition 9,861 ; 
Belgian Pat. 210,^965 (1908). 
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The strenuous efforts of the leading firms engaged in this 
industry and of others, to solve the problem satisfactorily, 
together with tlie activities of numerous independent inven- 
tors, have given rise to an enormous patent literature.^ This 
literature deals with tl)e eonduet of tlie reaction in general, 
the character, quantity, and a])plication of the condensing 
agents, the purification of the reaction })roductK, and, finally, 
with the method of further transformation. Plasticizing agents, 
fillers, pigments, and so forth, are also dealt with at great 
length. 

It is impossible to divide the ju'ocesses shai 7 )ly into those 
dealing with the production of resoles and of resites respec- 
tively ; this is obvious, as all resoles should be capable of con- 
version into resites. In the case of technical materials, which 
are simultaneously transformed and mouldcnl, aftc'r mixing 
with fillers in the usual manner, the condition of the bind- 
ing medium which is converted into resite is of essentially 
the same importance as in the case of Y)lastic masses. In fact, 
the high electrical insulating properties or r(\sistance to chem- 
ical reagents which may he required of such technical products 
require very special consideration, which may be l(‘ss neces- 
sary in the case of plastic masses. The main variations required 
deal with the corn})oiK*nis required for the reaction. 

Raw Materials. The })henols requin^d for technical plienol- 
formaldehydc production are mainly phenol itself and the 
cresols. The higher hoinologues, x)olyvalent phenols and naph- 
thols, are usually excluded on account of their higher cost, 
although used to a limited extent. ^ 

Pure phfsnol, carbolic acid, CeHg . OH, which is obtained, as 
are the other phenols, from coal tar, forms a colourless crystal- 
line mas>s of long needles, of setting j)oint 39 41° C., and boil- 
ing point 183 -184° C., of specific gravity l-OOG at 150° 0. It 
easily acquires a red colour in the air. The product attracts 

water, has a characteristic odour, and has % strongly caustic 

• 

^ See summary of (Torman Patents, Ala<lin, KuuMhI.^ Ifi, 103, 225, 250 
(1026); 17, 9, 60 (1027); and of non-Gonnan J'atents, Aladm, Kunslftt.. 17, 83, 
106, 136, 157, 185. 208, 232 (1927); seg? also 3, 301 (1913) ; 4, 268 

, (1914); 7, 149, 167 (1917); 74, 38 (1924). 

* See Footnote (11), p. 296. 
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action on the skin. It can be liquefied by the addition of a 
small percentage of water and is then very conveniently handled. 
It is used in tlie production of phenol-formaldehyde resins, 
more especially when light-coloured products are required, and 
particularly as a material for castings which can be hardened. 
Where light-coloured products are required, it is advisable to 
distil plienol whicli may have become red in the air, before use. 

The investigation of commercial phenol crystals (acidum 
carbolicum) comprises more especially a determination of the 
setting point, as this is the best criterion of purity, and is 
considerably lowered by small amounts of water. Thus, water 
contents of 0*5, 1, 1-5, and 2 per cent correspond to setting 
points 38*8' 30-0 C., 35-O'Mv., and 33*2'’ respectively. 
The phenol must also be soluble to a clear solution in 10 per cent 
caustic soda solution and in 15 to 18 ])arts of water. The colour, 
odour, and water contents should also be determined. The 
phenol contents are determined by Kop])eschaar’s method,’ 
or the modified method of Beekurtz,- using Seubert’s solu- 
tions.® ^ (See page 257.) 

Cresols are ordinarily used in the form of so-called technical 
eresol, which contains the three isomers in proportions which 
vary considerably, together with varying quantities of homo- 
logous phenols, such as xylenols, and impurities such as pyridine 
bases. 

For the pjcparation of synthetic resins, the two following 
commercial qualities are mainly used 

100 per cent Liquid ('arbolic Acid, l^lle (cresolum crudum), 
a clear yellowish to yellow-brown oily liquid, which becomes 
dark(‘r on storage, and 

Pun^ ( 'resol, a water-clear liquid of boiling point 185-205° C., 
free from hydrocarbons and containing traces only of phenol 
and of higher homologiuvs/^ 

^ Ztarhr. f. analyt. (,'him., 75 . 

2 Arch,,rharm.'24, 5(il {JSS()). 

3 Idem., IS, (18S1). 

'* A^ortmunii, Ber., 23, 27i>.*} (1890); also Tc'llf. J. de. Pharm. et de 

('him., 14, 1, 289 (1901); Hader, Ztschr f. analyt. Phem., 31, 58 (1892); Toclio, 
Pharmaz J., 06, aiU); Skirrow, P. (191<S), I, 1198. 

® On comniorc'ial qualities, see Lunge-Berl, (!heni,.-tfiehn. (hiierauchungen, ^ 
8eventli Kdit ion*. Berlin (1923), 111, pj). 260 et seq. 
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The three isomers aJwaj^s present in commercial cresols have 
the following physical properties^ — 



Boilmg 

Point 

Softening 

Point 

S])eci(if’ (Gravity 
atl5°(;. 

o -Cresol . 

J90-H^ i\ 

(\ 

1*0511 

m -Cresol . 

202-S° C. 

Xot below 10d)‘'(^. 

1*089 

p -Cresol . 

201 •S° (\ 

Not bedow 25'^ (\ 

1*039 


In testing commercial cresols the first step is a boiling-point 
determination, during wliich the main portion should distil 
between 190"^ C. and 204° C. Fractions under 190° C. and over 
204° C. give an indication of the proportions of |)henol and 
xylenols respectively. Any water contents can be recognized 
at the commencement of tlie distillation. 

Further tests consist in determination of the solubility in 
dilute sodium hydroxide solution, any undissolved portion 
representing hydrocarbons, a test for the presence of sulphur 
compounds (with copper foil) and an ash determination. The 
determination of m-crcsol is important, as this isomer is excep- 
tionally reactive, as mentioned below, and therefore very valu- 
able for synthetic resin manufacture. 
m-Cresol Determination by Raschig’s Method.- If m-cresol 

is treated with an excess of nitric acid at tb(‘ boiling point, 
trinitro-cresol is quantitatively obtained, whilst o- and p-cresol 
are oxidized to oxali(! acid. I'he determination of m-cresol is 
effected as follows. 

Exactly lOgm. of the cresol mixture are weigluMl into a 
small conical flask and mixed with 15 c.<*. ordinary sul- 
pliuric acitl of ()(>° Be. The flask is then kept for one hour in 
a steam-heated drying oveti, after wliich its contents are 
poured into a wide-neckerl flask of J litre capacity and cooled 
under the water-taj) whilst causing the liquid to swirl round 
the walls of the flask ; the warm, mobile sulphonic acid is thus 
caused to adhen* to the walls of the flask in fhe form of a thick 
syrup on cooling. 

’ Hoiliiig Points and gravitios according to Roscntlialcr, Der 

NacJiweis onjanisclur VerhinduKgaH, S4uttgad (1914), p. 242; softening points 
according to Post's Che tn. -tech n. Analysis Third Edition, II, p. 1079. 

2 Angpw.f 13. 759 (1900) ; Liingc-Herl, loc rd., pp. 290 et 
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The small conical flask in which the cresol was sulphonated, 
and to which small quantities of sulphonic acid still adhere, is 
then rinsed with 90 c.c. of ordinary 40 per cent nitric acid, 
and the whole of this acid is then poured at once into the litre 
flask, which is immediately vigorously shaken until all the sul- 
phonic acid is dissolved, which requires about 20 seconds. 
The flask is inmjediately placed in a draught cupboard, and 
after the lapse of one minute a vigorous reaction occurs ; the 
contents of the flask boil violently, with evolution of red fumes, 
after which the liquid suddenly becomes turbid. Oily drops of 
trinitro-m-eri\st)l se})arale and collect on the bottom of the 
flask, and after five minutes have elapsed the reaction appears 
to be complete ; the liquid is, how'ever, allowed to stand for a 
further five minutes, as a small amount of further nitration 
oe(uirs; the contents of the flask are then poured into a dish, 
which already contains 40 c.c. of water, and are rinsed out 
with a further 40 c.c. of w^ater, which is also added to the 
contents of the dish. On admixture with the water the oil 
solidifies, with expansion and evolution of nitrous vapours, 
forming a crystalline paste of trinitro-m-cresol. This is allowed 
to stand for at least two hours and is then well crushed with a 
pestle, poured on to a tared filter, and well drained on the 
vacuum pumj). It is washed with 100 c.c. of water, which 
is best applied by means of a funiud drawn out to a point, 
and is finally dried wdth the filter in a steam drying oven at 
95- 100° C. 

The weight of m-cresol in the sample is found by dividing 
the weight of trinitro-m-cresol by 1*74. 

Tlie method is not applicable to samples containing more 
than 10 per cent of phenol or much xylenol.^ 

On a method of separating phenol from the three cresols see 
P. Riehm's baryta method r ])henol and o-cresol may be separ- 
ated from the other cresols by roj^eated fractionation, after 

t 

^ On other methods, see F. Russig, (J. Fortinann, Anqew.^ 14, 157 (1901); 

J. Fox, M. F. Barker, Cheni,-Zt(j., 44, Rep. 26S (1920); Ditz, Cedivoda, 
Angew., 12, 873, 897 (1899); Ditz, idem., 13, 1050 (1900); on simultaneous 
determination of m-cresol and plienol.^^eo W. Qvist, Zlschr. J. analyl. Chem., 
68, 257 (1926). 

* Friedlander. der Teerfarbenfabrikation, 11 (1891), ]). 9. 
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which ni- and p-cresol may be separated by Raschig’s method,^ 
which makes use of the disulphonic acids, or by Riitger’s 
method, 2 according to which p-cresol is separated after esteri- 
fication with anhydrous oxalic acid.^ o-Cresol may also be 
determined with sufficient accuracy in mixtures of cresols.^ 
Detennination of GresoL The three isomeric cresols vajy 
very greatly in their bcdiaviour witli bromine, according to 
the conditions of the reaction,® so that the Koppeschaar 
method, which we described when dealing witii the termina- 
tion of phenol, is not directly applicable. According to recent 
investigations, however,® all three cresols may be quantita- 
tively determined by bromination, as has been demonstrated 
on the most various cresol mixtures by V. W. Danckwortt 
and G. Siebler. The time required for bromination depends on 
the quantity of cresols. With equal quantities, m-cresol is con- 
siderably more rapidly brominated quantitatively than the other 
cresols, requiring a quarter of an hour only, whilst the other 
two may require 72 hours. In the presence of m-er(‘sol, there- 
fore, special precautions are required. In oj‘der to avoid rise 
of temperature dilute sulphuric acid must be used, and the 
potassium iodide solution must not be added b}^ opening the 
stopper, but must be introduced in a small weighing flask before 
the determination and added at the right moment by inverting 
this. For bromination over a prolonged p(U’iod it is necessary 
to prolong the neck of the flask above the ground joint of the 
stopper, in order that any escaping bromine may be absorbed 
by potassium iodide solution added above the stopper. When 
titrating o-cresol, a blue coloration occurs half an hour after 
the compIeiJion of the titration, and must be taken into account. 
With cresol contents of 0-6 to 0*7 gm. per litre, quantitative 

* CJerman Vats. 112,545, 114,975; Jahnshcr. d. l^harm.^ 35, 271 (1900). 

Jahrvsher. d. rharm., 38, 264 (1903). 

^ See also German Pal, 232,071. 

^ E.g. H. M. DawHon and C. A. Monntfnii, Jourtt. (Jhnn>. Sor., London, 
1J3, 923, 935 (1918); (f. (1919), 1, 929; IJ, 818; by the lOflHng point^diagrain 
or viscosimetrically, according to J. Scheiber and S. Wcnidt (nnpublisbod 
method), 

® Vaubel, Journ. f. prahl. Chem, (2) 48, 74 (1893); Ditz, Cmlivoda, Angew., 
12, 873, 897 (1899). • * 

. • P. W. Danckwortt, G. Siebler, Arch. Pharm., 264, 439 (1926); (\ (1926), 
II, 2618; Ulrich, Rather, Angew,, 3U, 229 (1926). 



292 


ARTIFICIAL RESINS 


results are obtained after standing for 24 liours. The procedure 
in the case of m-cresol is as follows. 

The weighing bottle in the conical flask with ground-glass 
stopper is charged with 10 c.c. of 20 per cent potassium 
iodide solution. The following are then added in sequence: 
30 c.c. of N/IJ) potassium bromate solution (2 7837 gm. 
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per litre), 25 c.c. of the ni-oresol solution unddr investiga- 
tion and 30 c.c. of dilute sulphuric acid (1*5), these solu- 
tions being pouied down the wall of the flask and well mixed. 
Finally, 10 c.c. of 20 per cent ]iotassium bromide solution 
must be added as quickly as ])ossible. The contents of the 
weighing bottle and of the flask must, of course, be kept quite 
separate. After a quarter of an hour (or after the necessary 
longer period in the case of the isomeric cresols) the weighing 
bottle is inverted, the whole well mixed, and the iodine titrated 
after five minutes. 
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The individual isomers, o-, m>, and p-cresol, react with vary- 
ing facility with formaldehyde, and yield products of differing 
character. Thus, m-cresol reacts with five times the velocity 
of o- and p-cresol.^ The resin obtained from m-cresol and 
formaldehyde is exceptionally hard and resistant after trans- 
formation. The relatively very high velocity of resin-formation 
of m-cresol is shown by the diagram (i^^ig. 5),* which shows the 
reaction curves of pure m-cresol, a commercial cresol, a mix- 
ture of pure cresols in the same proportions as in technical 
cresol (40 j)er cent m-cresol, 30 })er cent ])-cres()l. and 30 per 
cent o-cresol), and of pure jdienol. in each case with the eqiii- 
rnolecular proportion of formaldehyde, the same experimental 
conditions being carefully maintained in all tlie experiments, 
which were conducted in the absence of condensing agents. 
The accelerating action of the impurities in the technical pro- 
ducts is very noticeable. The curvature of the curve for tech- 
nical cresol, as compared with th(^ rectilinear course of the 
curves for the pure products, is also especially noteworthy.-^ 

The high reaction velocity of m-cresoi makes it necessary to 
take special ac(iount of the projwu'tion of this substance when 
using technical cresols. It has also been tlie cause of the 
develo])nient of special ])rocesses. 

Thus, formaldehyde' resins are alleged to be obtained from 
m-cresol and its liiglier liomologues,^ such as m-xylenol, which 
are distinguished by })ale colour, hardness, and freedom from 
odour. The liigli reaction velocity of m-eresol even enables 
the use of condensing agents to be dispensed witli, so that 


^ Germati Pat. (1913); (/. (1919), IV, 91S; see, also (a*rinali Pat. 

394, ,384. 

2 Those curves embody tlio authors’ own (*xporimonts. Th(‘y us(Hi pure 
])lieiiols (Kahibauiri) and ]mritiod form aldehyde solution. A uniform 

addition of alcohol was also made in order to obtain more homop:en(^ous eon- 
ditions. The roaelion mixture was introdueeil into a steamed .lena glass flask 
heated under reflux m a water bath, the height of water in which was auto- 
matically niaintauH'd at a eonsiaiit levid anti whieli was also pcnnanently 
maintained at the boil. Kqual quantities were removc'd at regular intervals 
by a pipette, after which the free phenols were removed by steam (fist illation, 
which was always carrit^d out for the same length of time in the same 
apparatus. Tlio residual rosin was determme<l by evaporation, short drying 
for the same time and temperature in*the drying oven, and weigliing. 

^ Chem. Fabr., K. Albert and h. Berend, German Pat. 301,374 (1913); 
C. (1919), IV, 918; Kunstat.y 10, 33 (1920). 
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resins may be obtained which ai*e especially suitable for elec- 
trotechnical purposes in consequence of neutrality in the 
hardened condition. As, however, the use of pure m-cresol 
as a raw material would be far too expensive, the above pro- 
cess has been altered accordingly.^ Thus, technical cresol mix- 
tures are employed, containing 50 to 60 per cent of m-cresol, 
which have previously been freed from o-cresol in a suitable 
manner. These are then treated with formaldehyde for such 
a period and in such a manner that, as far as possible, 
the m-substituted phenols are alone caused to react, after 
which the remaining phenols and so forth are removed, for 
example, by distillation in vacuo. Although it is scarcely 
possible to obtain pure meta-cresol resins in this manner, 
they contain these in a much more concentrated form. In 
this process m-substituted xylcnols have also proved to be 
utilizable. 

Baekeland also produced a resin from m-cresol and form- 
aldehyde‘s in the presence of both acid or basic condensing 
agents. He also investigated closely the conditions under which 
o- and p-cresol yielded hardening resins. Generally speaking, 
both cresols, but especially the o-compound, showed a strong 
tendency to form fusible and soluble resins of the saliretine 
(Novolak) tyj)e. In the }>resenee of sufficient quantities of form- 
aldehyde, hardening resins may be obtained, but require some- 
what prolonged heating for hardening. Baekeland also called 
attention to certain advantages which arise through the presence 
of such constituents, which harden less readily, in phenol- 
formaldehyde resins ; they produce a form of plasticizing effect 
on the hardened product.-** Thus, the formaldehyde resins 
obtained from technical cresol are fairly brittle in the soluble 
form, but become astonishingly elastic on hardt^ning. Conse- 
quently, billiard balls produced from such material may be 
thrown on to a stone floor without injury and rebound as 
though made of '^rubber. This property is ascribed to the 

^ Chem. Fahr,, K. Albc^rt and L. Uerend, Gorman Vat. .H04,384 (1913); 
C, (1919), IV, 1053; Bcrend, U.S. Pat. 1,214,414 (1917); KumtsL, 7, 178 
(1917). I 

* U.S. Pats. 1,088,677-8 (1914). 

3U.8. Pats. 1,306,681 (1919); 1,401,963 (1922); C. (1923), II, 1000. 
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colloidal charactt)!’ of the products, on the assumption that por- 
tions of this act as a dispersive medium and the remainder as 
a skeletal gel. 

Phenolic products other than phenol and the crosols play 
but an unimportant part in the 2)roduction of synthetic resins. 
We have already referred to the utilizability of m-substituted 
xylenols, but pure xylenol-formaldchyde resih^i are only utiliz- 
able under special conditions, as they are only slightly soluble 
in alcohol, without any compensating greater solubility in 
benzene, for example. They are, however, not undesirable as 
components of the ordinary phenol-formaldehyde resins. It 
should be noted that cresol rc\sins ctontaining more than 20 
per cent of xylenol resins form heavy precipitates on treat- 
ment with alcohol, which only gradually disappear. 

Among other jihenolic components the naphthols must be 
mentioned, although the high price of these excludes their 
utilization in practice in most cases. Naphthol-formaldehyde 
resins are generally distinguished by high melting point, and 
show the special peculiarity that on heating to above 200° C. 
they are stated to })ecoine insoluble in alcohol, but soluble in 
benzene and in oil.^ The melting process is associated with 
dark coloration. 

Apart from the phenols already referred to, attempts have 
been made to utilize for resin formation with formaldehyde 
the more or less crude fractions of various tars, in order thus 
to separate these substances in an economic manner and avoid 
the necessity for separating them spc^cially. Thus, a resin which 
is easily soluble in alcohol and acetone, but soluble with diffi- 
culty in bcmzene, ether, and chloroform, is obtained by the 
action of formaldehyde on tar oils of boiling point about 
180-230° C., and subsequent distillation of the unchanged sub- 
stances wdiich accompany the phenols.^ Also the soap solu- 
tion obtained with concentrated caustic alkali solution and 
wood-tar gives with formaldehyde a hard, brown resin, soluble 

^ P. Esholz and J. Altendorf, Clorrnan Pat. application E. 2.3,040, ClasH 22h 
(25th March, 1918). If true, such a process could naturally bo applicable to 
Novolak products only. • • 

* Oesellschaft fiir Teerverwertung m.b.H., German Pat. application G., 
46,140, 22h (21st January, 1918). 
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in solvent naphtha.^ Lingncr- had aheady obtained a similar 
condensation product. These last resins possess peculiar proper- 
ties in consequence of the creosote contents of wood-tar. 

Phenol-formaldehyde products of the usual type have been 
obtained from fractions of low tcmi)erature tar,^ by which 
means a separation from the accompanying liydrocarbons could 
be effected, as these were easily removed after the resinifica- 
tion of the phenols with formaldehyde or other aldehydes. 
Crude tar was used, from which the highly viscous substances 
had been removed ; tlic fractions mainly used were thf)se boil- 
ing from ir>() 250° and between 250-300° C. Ammonia and 
benzylamine were used as catalysts. A(;cording to the })ropor- 
tions of phenols and formaldehydt' solution used, soluble and 
fusible or hardening resins could hv obtained ; it was found, 
however, that with })enzyiamine as condensing agent, hardening 
resins could not be obtained from the higher fractions, more 
especially from that boiling from 260-300° 

The use of a number of other phenols and their derivatives has 
been recommended.'^ The primary prodiuits of the interaction 

* Clu‘rn. F'alir., Florslioun, H. No('rdIii jjor, (i!<‘rnian I* ** at. .‘^38,8.54 (1919); 
Frdl, XIJJ, 058; (\ (1921), IV, 714. 

^Fivncli Pat. 329,971 (1903): (lerman Tat. 101,939; (\ (1905), II, 803. 

® riluud, Hrciior, Abhruidlumivn zur Knint^Uff dvr KohI(\ 4, 221 (1919- 
1920); (\ (1921), TI, 855. 

^ Soe also Aiulrrson, Maclavinii, British Pat. 183.029 (1921); (\ (1923), JV, 
069 ; KunstsL, 13, 125 ( 1 923) ; tho n'sins aro soluhlo in hon/.one ; also Tnrw illi^or, 
British Pats. 218,277, 218,038 ;Fiviich Pat. .58.3,582 (1924) ; f'. (192()), II, 1474; 
F. V. Biimm, U.S. Pats. l.(»24.082. 1.024,038; (1920), 11. 1474; (1928), [,978 

(Utilization of ooal-tar oils, fonnol<irhy<h', and kotonns); Kunutsf.^ 76*. 254 
(1920); Comp, dos Mines do V'lfoi^rno, No<-ux ot Droconrt, Fronch Pat. 007,055 
(1925); (\ (1920), II, 2234. idionolio tar-oils or low* t('ni]H*ralure tar-oils with 
formaldoliyde ; sih* also A. Nowak A.-(J., U.S. Pat. 1,058,281 (1928), IT, 

810; Ain<a*u*an (’yanainid Co.. U.S. Pat. 1,009,074; C. (1928), 11, 131)3, 

** I’olyvalont Ph^'niols; Uabbo, Froncb J*at. 408,879 (1913); KunstMt.^ 5, 201 
(1915);’ L. Holm, Fivnch Pat. 002,704 (1924); C. (1920), IE, 1470; Kiinstfit., 
/tf, 255 (1920) ; MixUiros of ]M)lvvalont phenols w ith ])heiu)l : Dnbnsay, French 
Pat. .560,153; C. (1923), IV, 832; KiWftM., /3, 125 (1923); Resorcin: Peter, 
U.S. Pat. 1,147,204; H. Burmeister, British Pat. 275,078 (“Burmin ”); st^e, 
however, W. 11. Story, Ccrinan Pat. 173,990; PyrojJtallol : McCoy, U.S. Pat. 
1,280,372 (1918) ; Eugenol : Andn^sen, British Pat. 1 10, 154 ( 1917), for stopping 
teeth; CTilorplieiiols : Steinrnetz, U.vS. Pat. 1,215,072 (1917); Kunstftt,^ 7, 237 
(1917); (^dohoxanol; C. Kllis, U.S. Pat, 1,5,57,521 (1923); C. (1920), I, 1723; 
Kunstst.f 16 f 110 (1920) ; Totralivdronaplithols ; Aktiongesellschaft fiir Anilin- 
Fabrikation, (lerinan Pats. 346:434 (1918); :156,223 (1918), Frd/., XIIT, 655, 
1118; rosins soluble in alcohol, benzene, tuqientiiio oil. and linseed oil, French 
Pat. 518,553; British Pat. 16.5, .322 (1920); C. (1921), IV, 471, 1014. 
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between aldehydes or ketones and phenols arc also often 
used as raw materials for resin-forming condensation with 
formaldehyde, and so. forth. This is especially the case 
for phenol-alcohols and methylene-diplienol products of all 
kinds. ^ 

Formaldehyde, H . CHO, is a gas of sharj) smell, obtainable 
commercially in the form of aqm'ous solutions under the name 
of formol or formalin ; these solutions contain 30 2 )er cent or 
40 per cent by weight (or about 36*5 j)er c^ent by v^olunie), and 
have specific gravity 1 *08. These solutions usually contain very 
small quantities (up to 0*2 per cent) of formic acid, and con- 
siderable quantities of methyl alcohol, especially in tlie 40 per 
cent form. Formaldehyde is also used in its jiolynierized forms, 
as trioxy methylene, polyoxymethyU'iies and ])a]aforinalde- 
hyde, and also in the form of its ammonia compound, h(‘xa- 
mcthylcnetctraniino, ('(;Hi 2 N 4 . Formaldehyde is manufactured 
by the oxidation of methyl alcohol.- Other methods of jnanu- 
facture are still bcung develo])ed.^ 

In aqueous forinakh'hyde solutions, wJiieh aie sharj) snudl- 
ing liquids, the compound is ])resent in both the monomole- 
cular and polymeric foims, and as hydi'ated ])r()ducts of both 
of these. A conditioii of equilibrium 1 ‘xists between these vari- 
ous substances, which is dependent on the*- t(‘mi)(U‘ature and 
concentration, and is of such a character that iiicrc‘asc^ of con- 
centration and decr(‘as(‘ of tem 2 )erature botli favour tin* forma- 
tion of j)olyniers. 

Th(i boiling point of pure formaldehyde solutions is bdween 
99° and 100° C. It is lowered by the presence of methyl alcohol, 
which can^bo dc^tccted in that w^ay, and which is added to 
commercial qualities to the extent of 10 to 18 per C(Uit to 
prevent the* separation of j)araldehyde. On distillation, the 
distillate obtained is always jjoorer in formaldehyde than the 

^ E.g. Bak(ilito (-orp., U.S. Pat. I,t*i:n,5t2; Fremti 0H4,925; 

U.S. Pats. 1,11. ‘1,020, l,ir)S,002, 1,225,748 -40-50 ; C. Kuljfs,E. Pauling, (lornian 
Pat. 4:U,(U0. 

* On tlio literatim', see licHfit., 1, 558, t5t»0. 

® On the oatal.ytjc production from carbon monoxick* an<l hydrogen, sco 
B. Neump-nn and P. Biljccvic, Amjew,, 40, 14^0 (1927); on production by the 
catalytic oxidation of acetaldehyde, koc Oomsortiurn f. olektrochern. Ind., 
•Brit. Pat. 178,842 (1022). 

20— (5647) 
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residue. At 1 8^ C. tlie specific gravities of piire aqueous formal- 
dehyde solutions are as follows — ^ 


Gin . VH^O 

1 

Gin . CH./) 

Sp. gr. 

yier 100 c.c. 

])er 100 gm. 


2*24 

2*2.3 

1*0064 

4- CO 

4*60 

1*0126 

1 1-08 

10*74 

1*031 1 

14*16 

13*59 

1*0410 

19*89 

18*82 

1*0568 

2.6*44 

23*7.3 

1*0719 

,30* 1 7 

27*80 

1*0853 

\M‘T1 

.34*11 

1*1057 

41*87 

1 

37*5.3 

1*1158 


Aqueous formaldehyde solutions are miscible with alcohol in 
all proportions, but not with ether. 

They are tested for acid contents, evaporation residue and 
the presence of heavy metals, such as co})per and iron, which 
might cause discoloration of the resins. The German Pharma- 
copeia stipulates that aqueous formaldeljyde solutions (1:4) 
shall not be changed by the addition of silver nitrate or barium 
nitrate solutions, or of sulj)hui*etted hydrogen solution. The 
ignited residue from 20 c.c. of formaldehyde solution is not 
to exceed 2 mg. The determination of the formaldehyde con- 
tents is important and can be effected by various methods. - 

Sodium Sulphite Method.*^ The method depends on the 
following reaction — 

H.CHO f Na.SOa } FH..O H . OH ! XaOH 

\ SO.,Xa 

The German Pharmacopeia gives the following directions — 

At least 37*8 c.c. of N . HC3 must be required for the 
complete decolorization of a mixture of 3 c.c. formaldehyde 

1 Aiu?rl)ac*Fi, Arh^itcu ous th'jn htis. Ucsnndheitmmtv, 22^ 57S; spf‘ Beilst., 
Foiirtli Kilitioii, p. .5()1. where literature references on Hie various details 
will bo found. 

Lungo-Horl, ('Virm. /rc/ia. V }Uprsnch.ufi(jftm(’thodc ti, Edition, Horlin 

(1923), 111, ]). 1146 ct Hvq., wdieuee some of tlie above instructions liavo been 
taken. 

* Lemme, Chom.-Ztq,, 27, 890 (1903); compare also Auerbach, Arheiten am 
dem kaia. Geaundheiimmte 22, *588 (i^OS); Doby, Angew., 20, 365 (1907); 
Lockomann, Croner, Ztsvhr, /. analyt. Chem., 54, 23 (1916); Feinberg, Am. 
Chem. J., 49, 87 ^([1906); Ztschr. f. analyt. Chem., 54, 231 (1916). 
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solution, 50 c.c. of a freshly -prepared sodium sulphite solution 
(containing 25 gm. of crystallized sodium sul])hite per 100 c.c.), 
and 1 drop of phenol-phthalein solution, after deduction of the 
quantity of N . HCl required to decolorize 12 c.c. of sodium 
sulphite solution, 80 c.c. of water and 1 drop of phenol-phthalein 
solution alone. Such 37*8 c.c. of N . HCl corj'espond to a for- 
maldehyde content of 35 per cent; 1 c.c. N . H('l corresponds 
to 0*03002 gm. of formaldehyde. 

Blank and Finkenbeiner’s Method.^ (a) W. Fresenius and 
L. Grunhut’s Modtfjcation.- About 3 gm. of foinialdehyde 
are weighed into a small cylindrical w^eighing bottle with 
ground-glass stopper. Into a conical flask of 500 c.c. capacity, 
25 to 30 c.c. of 2N . NaOH, free from carbonate, are now 
introduced, and the opened weighing bottle is tlam cautiously 
slippcid in in such a manner that nont'. of its conhmts are 
spilt, and that it stands erect on the bottom of the flask. 
The liquids are then rni.xed by swinging the flask and the addi- 
tion of 50 c.c. of 3 per cent hydrogen j)ej*oxide immedi- 
ately commenced, which is added from a dropping funnel at 
such a rate that the whole quantity is introduced in tlnee 
minutes. The mixture is then allowed to stand for two or three 
minutes, or for tvn minutes in tlu‘ case of material containing 
less than 30 volumes per cent of formaldehyde, the funiud and 
walls of the flask then rinsed with water free from carbon 
dioxide and the excess of alkali titrated back with N . H 2 S() 4 , 
using good litmus solution as an indicator. Any acidity of the 
formaldehyde or of the hydrogen peroxide which is used, must 
be determined with N/10 . NaOH and allowed for. 

1 c.c. of N . NaOH corresponds to 0*03002 gm. formaldehyde, 
in accordance with the equations — 

2H . CHO I- 2Na()H f iip., 2H . COONa f II, h 20,0 

and 

If . CHO + NaOH -f - ff . OOONa^-f- 211^0. 

(b) Modification of Heywood and Smith. ^ 3*c.c. of 

formalin solution are mixed with 50 c.c. N . NaOH in a 300 c.c. 

1 Her., 3h 2979 (1898); .?2, 2l«l (1899). 

2 Ztechr, f. analyt. Chem.^ 44^ 13 (1905). 

3 J. Am. Chem. Soc., 27, 1183 (1905); Aiigew., 20, 79*(1907). 
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conical flask. A small funnel is then inserted in the neck of 
the flask, and 50 c.c. of 3 per cent hydrogen peroxide solution 
are added. The flask is then heated for five minutes on the 
water-bath, shaking occasionally. After cooling, the excess of 
caustic alkali is titrated with N . H 2 SO 4 . A blank experiment 
is carried out in the same manner, and tlie difference of the 
two titrations is used to calculate the result. (See above.) 
Either litmus or phenol-phthalein may be used as an indicator, 
it being only necessary to use the same indicator for both the 
actual and the blank titrations.^ 

G. Romijn’s lodometric Process.^ Modification of the 
Verein fur chemische Industrie^ and of Fresenius and 
Grunhut.^ 25 gm. or 25 c.c. are weighed into a tared weighing 
bottle with ground stopi)cr and then quantitatively rinsed into 
a 500 c.c. measuring flask in which they are diluted to 500 c.c. 
5 c.c. of this solution are introduced into a flask with a well- 
fitting ground-glass stopper and 30 c.c. of N . NaOH added, 
which are measured with sufficient accuracy in a measuring 
cylinder. About 50 c.c. of N/5 1 solution are immediately 
added from a burette, with constant shakiiig, until the liquid 
is bright yellow in colour. The flask is then closed, shaken for 
a further half minute, acidified with 40 c.c. N . H 2 SO 4 (which 
may be measured in a measuring cylinder), and after stopper- 
ing and allowing to stand for a short time the iodine is titrated 
back with N /10 thiosulphate solution. 

1 c.c. of N/5 I solution corresponds to 0*003002 gm. formalde- 
hyde, in accordance with the equations - 

21 1 2NaOH - NaOi + Nal + H/) ; 

H . CHC) I NaOi f NaOH - H . CHlONa [ Nal f 

We must refer to the literature legarding other methods of 
determining formaldehyde,^ and the determination of methyl 
alcohol.^* 

1 Soo also Robin, Amjvw.j 2J, 1752 (1908) ; Ref. n. Ann. de Chim. analyt. appL 
23, 53 (Di08); Schoorl, Phann. Weekbl. 43, 1165; C. (1906), II, 1873. 

Ztachr. f. analyt. ('hem., 36, IS (IS97). 

» Idem., 39, 60 (1900). 

Idm., 44, 20 (1905). 

* S«o also Lungo-Berl, loc. cit., p. 1151 et aeq. 

• See also Loekemann, Croner, Ztschr. f. analyt. Chem., 54, 15 (1915). 



PHENOL- ALDEHYDE RESINS 


301 


The only difference in practical application between the two 
ordinary commercial qualities of formaldehyde solution, namely, 
30 and 40 per cent (see page 297), appears to be that with the 
stronger product the reaction proceeds more intensively, which 
is possibly not due to the concentration alone, but also to the 
homogenizing action of the methyl alcohol^ which is present 
in substantial amount in the 40 per cent solution. 

While the aqueous solutions of formaldehyde above referred 
to are used for most technical processes, ¥. Poliak also used 
more concentrated solutions, or a polymerized trioxymethyl- 
ene.^ It was found that when the polymeric product was em- 
ployed the condensation occurred in the presence of extremely 
small amounts of acids or bases, or even without any con- 
densing agent within a reasonable time. After thorough wash- 
ing with watei*, the resins obtained are distinguished by excep- 
tionally pale colour and by fastness to light, which is ascribed 
to the avoidance of the formation of leuco-cjompounds, especi- 
ally of the triplienylmc'thane series, which is favoured by the 
presence of condensing agents, and to tlie removal of excess 
of phenol and of similar dyestuff producing substances by 
washing. 

A considerable number of polymers of formaldehyde have 
been identified, more especially by F. Auerbach and Barschall.*^ 
These are produced either on evaporation of the aqueous solu- 
tions (paraformaldehyde), or by the action on them of sulphuric 
acid. They differ widely in tludr physical and chemical proper- 
ties. They have recently been studied in detail by H. Staudin- 
ger and his pupils, who found that the following simple explana- 
tion could* be given for the differences between a-, ft-, y -, and 

^ airmail Pat. (191)9); O. (19i:i), II, 834; KntiatHL. 3. 357 (1913); 

German Pat. 310,894 (1911); C’. (1919), II, 428; FnlL, XllI, 643; Kunstst., 
9, 136 (1919); German Pat. 388,766 (1911); C. (1924), II, 1281 ; Frdl, XIV, 
1144; Gorman Pat. 394,253 (1919); FrdJ., XIV, 1146; (\ (1924), II, 1028; 
Kunstst., 15, 122 (1925); U.S. Pat. 1,210,982; Kiwjditt., 7, 162 (1917); U.S. 
Pat. 1,211,227 (1917); KuhhM., 7, 141 (1917); U.S. I’at. 1,369,3*52 (1921); 
C. (1921), IV, 809; British Pat. 1343 (1912); KunslaU, 3, 395 (1913); British 
Pats. 18,281 (1912); 20,977 (1914) ; 14,490 (1 915) ; Austrian Pat. 90,660 (1912); 
C. (1924), II, 1282; Swiss Pat. 73,579 (1916); Hungarian Pat. 41,636; Dutch 
Pat. 1869; Kunstat,, 8 , 273 (1918); SKvodish Pat. 53,240; (1923), IV, 730; 

French Pats. 420,404 ; 447,969. 

2 C. (1905) II, 1082. 
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d-polyoxytnethylenes.^ Commercial paraformaldehyde is a 
poly-oxymethylene hydrate, as is also a-polyoxymethylene ; 
the two differ from one another by the degree of polymeriza- 
tion ; a-polyoxymethylene contains much less water and con- 
tains many more simple formaldehyde molecules in poly- 
merized form. The /9-polyoxymethjdene, which is obtained 
from concentrated formaldehyde solutions by precipitating 
with a large amount of strong sulphuric acid, is a sulphuric 
acid ester of this j)olyoxymethylene hydrate, and the peculiar 
proiierties of this modification are to be ascribed to this com- 
bined sulphuric acid.- The 5-poly oxy methylene, which can 
only be ])roduced in the presence of methyl alcohol, must be 
rt'garded as a polyoxy methylene-dimethyl ether. It is thus a 
final m(*mber, containing a maximum of formaldehyde, of the 
series of methyl eth(‘-rs there described. The low reactivity 
of this last modifi(uition is due to the replacement of the 
hydroxy] group ])y the ether group ; it is, of course, well 
known that in the of simi^ler compounds also, the ethers 
are more stable than the corresponding alcohols. Finally, in 
the formation of 5-polyoxymethylene, which is produced by 
prolonged treatment of the y-modification with boiling water, 
the easily attacked C — 0— (J — O grouping has been trans- 
formed into the () — — C~~ () grouping at various positions of 
the large molecules ; for it has been found that by fission of 
this substance glyoxalic derivatives are formed, and the special 
proj)erties of this modification, such as its low volatility, are 
thus explained.” llegarding the formulae, see page HI. 

The use of formaldehyde gas has also been proposed for the 
production of phenol-formaldehyde resins.^ 

Hexamcthylene-tetramine, CeHi 2 N 4 , may also be used in 
}>lace of tlu‘ various formaldehyde products.^ This crystalline 

» Staiuliiipor, Hrr., ;j()24 (192(>). 

^ 'rhift fact may alsp liavc some btmring on Poliak’s method of producing 
plionol -formaldehyde resins, 

* Staudingcr, /irr., <5.9, 3024 (1920). 

‘ Aylsworth, U.S. Pat. 1,029,737 (1912); Kun^tst., 3, 114, 177 (1913); 
Prtaieh Pat. 441.017; British Pal. 349K (1911); see also Story, British Pat. 
8875 (1905); Progress Akt.-Ges.! (Jenritm Pat. 42(5.800 (1923); (\ (1920), IT, 
1200. 

^ Oil the^ syntltptic resins so })roduced, see Kniiatfft.f 5, 110, 275 (1916), 
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material is produced on mixing formaldehyde and ammonia, 
water being eliminated with considerable evolution of heat, 
according to the equation — 

4 NH 3 -1 6H . CHO (CH2)fiN4 + 

The hexamethylene-tetramine thus produced forms addition 
products with phenols, which are at once obtained if the com- 
})onents are brouglit together in solution in a suitable solvent, 
preferably in molecular proportions. Thus, on mixing aqueous 
solutions of hexamethylene-tetramine and phenol, the mole- 
cular compound of 1 mol. of the former wuth 3 mol. of the 
latter separates in crystalline form. Tt melts and decomposes 
at 115-124^ On evaporating alcoholic solutions of hcxa- 
methylene-tetraminc and phenol, a molecular compound of 
1 mol. of each substance is formed, which melts at 158 -1.59° (\ 
with resinification 

Molecular compounds with hexamethylene-tetramine can be 
similarly produced with many other ])henols, as instanced by 
the following obtainc^l from cresols**^ — 

HexamethyleiK^-tetramine 2 m-cresol m.]). 90' V. with 

decom])osition. 

2 p-cresol m.p. 87 ’ V, wdth 
decomposition. 

1 o-cresol sublimes and sin- 
ters w'ith resinification. 

The decomposition which occurs on melting is cbaractoristic 
of such addition-compounds, and is accompanied by liberation 
of ammonia and of a gas, the smell of which resembles that of 
rnethylamine, together with the formation of resins which are 
insoluble and infusibk^.'^ This reaction has been applied to the 
production of hardening phenol-formaldehyde resins. It was 
found that by employing more phenol for this purj)ose than 

iTolJons, Moschatos. Ann.. 272, 271 (1893). 

2 ScluMbor, Sandig, Dissert. Samlig, Leipzig (1923) 

^Harvev, BaoMmid. ./. Ind. Knq. 13, I3r> (1921); C. (1921), IV, 

1014. 

* Lebaeh, Antfeiv.. 22, JOOO (I9C9); Knoll & (*o., Belgian f^at. 204,81 1 (1907); 
Wetter (Knoll & Oo.), British l>at. 28,009 (1907). • 
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corresponded to the proportion present in heaxmethylene- 
tetramine-triphenol, namely, 6 mol. phenol to 7 methylene 
groups, decomposition occurs with production of ammonia 
only.^ The ammonia which is liberated is conveniently led 
into formaldehyde solution in order to produce a further quan- 
tity of hexamethylene tetramine. 

The proportion between the quantities of hexamethylene- 
tetramine and ])henol used is, therefore, the factor which decides 
the character of the resin which is produced. Thus, on heating 
12 or more molecules phenol with 1 mol. hexamethylene-tetra- 
mine a soluble, peimanently fusible product is obtained, resem- 
bling Novolak, The less the proportion of plienol used, the 
more easil\^ are hardening resins obtained, and with a propor- 
tion of 5 mol. plienol to 1 mol. hexamethylene-tetramine, the 
end product of the heating operation is a substance which 
remains hard at all temperatures and is no longer capable of 
becoming soft or plastic. The reaction may, of course, be 
interrupted at an earlier stage, so that a product is obtained 
which is still capable of being hardened. 

Condensation can be effected by heating the mixture of the 
two components,^ whereby the temperature may not exceed 
a certain point, corresponding to the hardening temperature 
of the })roduct jiroduced. Heating is frequently effected under 
pressure.'^ The presence of a solvent such as xylene,^ alcohol 
or acetone*'^ has been found advantageous for controlling the 


^ Rpdnuin, Wdilli, Brock, ,/. hnJ, Eng. Cheni., 6*, (1914). 

2B. B. (Joldsiiiidi, U.S. Put. I,2;lO,H29 (1917); Bnlisli Put. r>,30:i (1912). 

® ()u a cliargt' coiisistiTig of addition corrifioiinds of licxarnotliylont' -tetramine 
with phenols an<l plienol -alcoliols, sei‘ Baloditc Cor. and Baekolrftid. U.S. Pat. 
1,442,420 (1919); (\ (192(>), 11, UOS; Knuftint, 16, 253 (1920); on the admix- 
ture of an niti'rmodiate product from plicnols and ]u‘xumethylf*no -tetramine 
witli another from ])]icnol UTid anhvtlroiis polymeric formaldehyde, see W. O. 
SnelJing, U.S. Pal. 1,402,771 (1920); C. (lOlMi), IT, 1409; KnnMH., 16, 254 
(1910); on the ntilization of a salt of hexametliylcne-totramiru^ (the chloride) 
for resin i heat ion with jiheiiols, see Baekeland, Thurlow, U.S. Pat. 1,187,231 
(1910); Knnstfit.^ 6, 29V (1910); on th<‘ us€> of anisol, yihenylmethylketone, etc., 
for inti'raytion \Mtli liexamethvlene-tetramino, see W^’adc, Karpen, British Pat. 
9,292 (19U);Kedman, U.S. Pat. 1,209,333 (1910) ; 7, 115, 102 (1917); 

8, 10 (1918); on an addition product l^etweeii anisol and hcxarnethyleno-tetra- 
mine, see J. Schiaber and K. Sandig, DUsert. Sandig, Leipzig (1923). 

♦ Redman, W^eith, Brock, U.S. Pat. T*,308,753 (1918); C. (1921), II, 743. 

6 Goldsmith, U.S. Pat. 1,375,959 (1921); C, (1922), 11, 580. 

« Redman, V.^ Pat. 1,107,703 (1914); Kunstst, 5, 177 (1916). 
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reaction. Water may also be xised. The reaction commences 
at 60-80° C. with rapid evolution of ammonia. According to 
the proportions of the components the temperature must then 
either be kept down by cooling, in which case the duration of 
the reaction may amount to several hours, or it may be raised 
to 140-180° C., at least if products of the tyge of Novolak are 
required. 

In the production of hardening products it is found to be 
advantageous first to produce a soluble and permanently 
fusible resin, from 11 mol. oresol and 1 mol. of hexamethylene- 
tetramine, and then to harden by the further addition of form- 
aldehyde or hexamethylene-tetramine.i This illustrates the 
true practical importance of hexamethylene-tctramine, for as 
recovered from aqueous solution- this juoduct is far too costly 
to be used for the production of hardening resins. It might 
have a certain importance for the production of amber substi- 
tutes only,^ in w Inch the question of cost is not of predominant 
importance. 

Otherw^ise, hexameth 3 'lene-tetramine can only be advan- 
tageously used for improving the hardening properties of 
certain products which would otherwise be incapable or only 
slightly capable of being hardened.^ This question will be fur- 
ther dealt with when describing hardening processes. (Pages 
326 et seq,) 

A number of other substances have been recommended as 
suitable formaldehyde substitutes for interaction with phenols 
in order to' prc^duce resins of the phenol-formaldehyde type. 

Among these are methylene chloride® (see also page 207), 

« 

1 Redman. U.S. Pat. l,lSS,OU ( 1 »!()); 6. 282 3 U.S. Pats. 

1,242.592 -3 (1917): KntiMtsf., ,V. 143 ( 191 S) ; British Pat.s. I \d,2r>2-:i ; Kunstst., 
10, 101 (1920). 

^ On the nso of a niixtnn* of h(‘xairietliyl('iK‘-totrairjino and NH^Cl i)rodurod 
by the aetion of XU,, on ('HgOI.,. see S. Karp(‘n & Bros., C. B. Carter, U.8. 
Pat. 1.56(>,823(l924);r'. (1910), 1,2854; H. British Pat. 265,692 (1926) ; 

Hoe also tJ.8. Pal. I,.543,369 (1922); CaTiadlan Pats. 2:^0,985, 234,506 (1923); 
British Pal. 220,985 (1923); Freneh Pat. 566,854 (1923); (!. (1926),- II, 1471 ; 
Kumtst, 16, 254 (1926). 

3 Baekeland, U.8. Pat. 1,187,230 (1916); KumUfL, 6*, 282, 297 (1916). 

< Baekeland, J. Itid. Jing. Chem., If 159 (1^09). 

® See also Holzverkohlungsindiiwtrie British l*at. 196,205; C. (1923). 

IV, 730; Kunstat., 13, 126 (1923); 11, 42 (1924). . 
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thioformaldehyde,^ mcthyla],^ anliydroformalddhyde-aniline,® 
formal glycerine,^ and so forth, or, in more general terms, the 
cyclic ethers of polyvalent aliphatic alcohols with an aldehyde 
(for example from formaldehyde and glycerine),^ concentrated 
solutions or loose compounds of polymerized formaldehyde 
with phenols,® abreaction product of carbon monoxide, hydro- 
gen, and ammonia,’^ and so forth.® 

Proportions of the Components. As will be gathered from 
the preceding description, the proportion between the com- 
ponents, i.e. the weight of phenol used juw unit weight of form- 
aldehyde, is the predominant factor in the formation of hard- 
ening resins. It may be assumed that when the condensation is 
(^arried to y)ra(tical completion a])proximately equimolecular 
proportions are required in order to f)roduce normal hardening 
phenol-formaldehyde resins, such as are more ]>arti(adarly suit- 
able for use as liinding agents. For special })roduets only, siu;h 
as for materials suitable for casting (which are em})loyed for 
the manufacture of ambm* and ivory substitutes, and so forth), 
a higher proportion of formaldehyde is usually introduced into 
the reaction mixture, in order to promote^ the combination of 
still higher quantitk‘s of formaldehyde. In this way alone is 
the exceptional elasticity jwodueed which characterizes the 
hardened products linally obtained. An c‘X(;ess of fu»inalde- 
hyde also hinders the formation of coloured conqwmnds.® An 
excess of formaldehyde is also frequently cm])loyed in ordci' to 
enable a further condensation with urea, aniline, or some other 


» CJ. Briniu, Austrian I’al. 100,501 (1021); (\ (1020), II, U77 ; 76, 

231 (1020). 

^ S. KarfH'ii & Bros., (\ H, (Virt<a*, A. E. Ooxis E.S. Fat, I,500,SI7 
(1022); Bntisli Cat. 254,703; initish Pat. 005,730 (1025); (\ (1020), 11, 1171 ; 
U.S. I*at. 1,045,220; (\ (1028), 11, 814. 

® B. B. (JoMsfJiitli, IT.S, Pal. 1,1 OS. 020; I.1SS,430, 1.22S,42S; Kunstfif. 0, 
174, 282 (1010); 7, 323 (1017); //. 137 (1010); Baok^iland, U.S. Pat. 1,210,205 
(1917); W, AchtinoytM', U.S. Pat. 1,420,207 (Afterwards hardened with jmra- 
formaldehyde) ; (Canadian Pat. 237,070. 

* Carboloid Pro<hieks (-or., U.S, Pal. 1,523,459. 

** Lew liroihutft C3»nniques <le (Veussy, Ltd., (Jeriuan Pat. 210,012 (1007). 

® Charn. Fabrikan Dr. K. AUwrt, (Icnnan Pat. Apy)lieat ion (' 27,025, 
Class 12q (4th Oetober. 1018). 

’ Reined, Czeeko-Slov. Pat. yi,728; Kumtfit., 16, 207 (1020). 

* E.g. r(*actiou i)rodueta from furfui^d and aromatic amnu's; see American 
Insulator Corp., U.S. Pat. 1,000,043; (\ (1928), 11, 205. 

® See, for exai«ple, Knoll & Co., French Pats. 13,941-305,057. 
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suitable substance to be effected after the condensation with 
the phenolic substance. Combined products are thus obtained 
which offer certain advantages over mere mixtures of the corre- 
sponding resins.^ 

Condensing Agents. The condensation of formaldehyde with 
phenols is not merely accelerated by the ju'csence of condensing 
agents, but the course of the reaction is also partially affected. 
The reaction can be carried out without the presence of any 
condensing agent, if required, but considerably more prolonged 
heating is then necessary. When using certain j-aw materials, 
however, the absences of special condt‘nsing agiuits is sometimes 
desirable. 

Many years ago Story- patented a process of (tondensing 
phenols with formald('hyd(^ in the absence of acids, wjiich were 
then the usual condetising agents, by boiling under n^flux 50 
parts of commercial (95 j^er cent) carbolic acid with 30 parts 
of 40 per (‘cnt formaldehyde solution, usually for a period of 
about eight hours. The viscous product so ]>roduced was de- 
hydrated, and if the condensation had not be(‘Ji carried too 
far, this then formed a clear transparent mass, capable of l)eing 
haidened, which only remained soluble if the viscous (amdition 
was not lost by carrying the reaction too far. Jlefereiuje to 
Fig, 5 (page 292) will show that the relatively short reaction 
period of eight hours can only be due to the pn^sence of com- 
ponents of catalytic activity in the carbolic acid, such as 
pyridine bases. ^ 

This is shown from the experiments of Red man, Weith, and 
Brock^ on the production of an a-mber substitute, during which, 
in order to obtain the primiiry product, a pure ])henol-form- 
aldehydc charge, without condensing agents, had to be heated 
for 60 to 120 hours. (Commercial crc^sol, on th(^ f»thcr hand, 

^ Bakolite tVt'iich Pats. 2S(),52() 21 ; otc. 

2 Geiman Pat. 173,990 (1905); G. (1900), II, 990; BnOsh Pat. S,875 (1905); 
Chem.-Ztg. Rep. (1900), 29S; sac also Fivucli Pat. 353,995 arid addition 9,S0I ; 
Belgian Pat. 210,905; Handy, U.S. Pat. 1,287,299; Kiuinm., KK lOl (1920). 

® Soe also Poliak, VllmatuiH bhirgelopanha^ VIJ, 299; on tli»' pyridine 
conU'iitH of “ toehnieal eresol,” see (\ Fiselier and F. Kosko, Arhb. Kais. 
Ues.-A., IfK 577 et mq. ; C. (1903), I, »83. * 

^U.S. Pats. 1,310,087 8 (1919); 1,374,520 (1921); (\ (1921), l\^ 132; see 
also U.S. Pat. 1,358,394 (1919); C. (1921), 11, 170. 
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required heating for 4 to 12 hours only, and crude cresol for 
2 hours only, in order to form a viscous creamy layer of liquid 
resin. The reaction could be accelerated by heating to a higher 
temperature under pressure.^ 

A further increase in inactivity can be produced by the use 
of especially suitable raw materials, such as the very reactive 
m-cresol on the one hand,^ and of highly concentrated form- 
aldehyde on the other. 3 

In general, however, condensation without condensing agents 
leads to difficulties of many kinds, which cause the production 
of a primary product possessing but little capacity for being 
hardened, and necessitating the addition of further quantities 
of formaldehyde after condensation has been largely effected, 
by which means complete hardening is ensured. The diffi- 
culties referred to lead, for example, to difficulty in obtaining 
a solid, hardening product, which is still soluble, by further 
treatment. 

The reaction between jdienols and formaldehyde can be 
greatly accelerated by the addition of suitable condensing 
agents, which may be either acid or basic. ^ The most effec- 
tive are mineral acids and caustic alkalk\s, of which extremely 
small amounts, for examjde, 0-1 per cent, calculatt^d on the 
weight of phenol, lead to exceedingly rapid reaction. How- 
ever, these substances are difficult to remove from the resin 
after the reac^tion and cause very bad effects in the final pro- 
duct, such as attack of the filling agent or support, hygro- 
scopic properties, deterioration of the insulating power, and 
so forth. Difficulties also frequentty occur during actual 

* Seo Aylsvvortli, U.S. Pats. 1 ,0.3,3,()44 ; 1,102, 030 (1914); (Jc-nnan Pat. 
258,250; (\ (J913), 1, 14S1; Ucrumn Pat. .307,892: C. (1918), TI, 780; Con- 
derisito C!o. of AiruTioa. Austrian I'at. 99,124 (1921); (\ (1920), II, 1477; 
Kunstut, 16. 231 (1920). 

2 Seo p. 292. 

3 Soo p. 301. 

^ Neutj'al suhstancos aro inofifoctivo ; soo also C. JVlatsiiinoto, KunstsLy 5, 
262 Ref. (1915); see, however, Verreries do Foloinbray., Frt'neh Pat. 30,787, 
additional to Freneh Pat. 503,777; (\ (1920), II. 1595; (1928), II, 206; use 
of CaCla. . 

® On a process for the I’omoval of tlio condensing agent by the electric 
current, see Ges. fiir Cheni. Industrie, Basle, Swiss Pat. 125,012; C, (1928),* 
II, 1165. 
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production, especially on the large scale. Innumerable other 
condensing agents have therefore been proposed, of wliich 
ammonia has perhaps attained the greatest practical impor- 
tance. This reagent not only acceku’ates the reaction to a re- 
markable degree, but remains in the final product in firm 
combinovtion with formaldehyde as hexainetliylene-totramine, a 
very feebly basic substance with a high deconfposition temper- 
ature, which has also the power of fixing free phenols and 
of assisting the hardening process. The various condensing 
agents which have been suggested will now be briefly referred 
to. 

Basic Substances. Solutions of (*aiistic alkalies were already 
used for the production of soluble products from j)henols and 
formaldehyde in 1903 by F. Henschke,^ who recommended 
alkaline solutions of these products as disinfecting agents. For 
the production of hardening resins, Baek(‘land^ usc'd bases, 
such as ammonia,^ ammonium carbonate, alkali hydroxides 
and carbonates, aniline,^ pyridine, amines, or basic salts, or 
salts which yield bases by secondary reactions, such as the 
sulphites, sulphides, acetates or cyanides of the alkali metals, 
sodium phosphate, borax and soaps. The ])ro])ortion of base 
was not to amount to more than 10 per cent of the weight of 
phenol,^ or not more than one-fifth of the amount necessary 
to form the phc^nolate. If a larger proportion of l)ase is used, 
a corresponding proportion is neutralized before hardening.*^ 
Salts of neutral or alkaline reaction are also recommended,^ 


1 Gonnaii Pals. 157,55:1 4 (19a:i): T. (1905), I, 416 ; /Vri/., VII, 607 ; also 
Stophan, U.S. Pat. 812,608 (1906). 

2U.S. Pat. 942,699; Swiss Pats. 45,485-7; Froncli Pat. 386,627; U.S. Pat. 
942,809 (1909)*; Kunsist., 7, 171 (1911); British Pat. 21,566 (1908). 

® On tiie production of insoluble condensation products from phenols and 
formaldoliyilo under tlio iiifluence of ammonia for the production of dis- 
infectants, see A. Spiaer, German Pat. 99,570 (1897); FrdL, V, 72.3; (K (1899), 
I, 462. 

L. Helm, e.g. Fn'nch Pat. 392,395; with addition 10,415. 

6 See also Walter, (terman Pat. 118,567; (\ (1901), I, 652. 

« Bakclilo G.m.b.H., German Pat. 281,454 (1908); r.*(19ir)), 1, 238. 

7 Baekeland, U.S. Pat. 1,187,229 (1916); KunsteL, 6', 282, 298 (1*916); see 
also British Pat. 159,401. 

« Bakeliio G.m.b.H., German Pat. 228,6:19 (1907); C. (1910), II, 1843; 
Kunstst, i, 56 (1911); U.S. Pat. 942.700; seo»also Knoll & Co., (terman Pat. 
219,209 (1907); C. (1910), I, 973; Kunstst., 2, 165 (1912); British Pat. 28,009 
* (1907)) ; Swiss Pat. 41,910; French Pat. 395,657 ; see also Swiss Pat. 40,994. 
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such as potassium chromate, neutral sodium sulphite, ammo- 
nium sulphide, sodium thiosulphate, trisodium phosphate, 
sodium dicarbonatc, sodium, potassium and ammonium car- 
bonates or sodium acetate. In addition, especiaUy in the non- 
German patents, a large number of processes are referred to 
in which the above mentioned condensing agents or similar 
products are used, usually in association with unimportant 
modifications of the main process. 

The following are so used : sodium hydroxide solution,^ 
sodium carbonate, “ water glass, sodium sulphite, neutral sul- 
phites,^ tliiosulphate,^ calcium cresolate,® sodium salicylate,’ 
sodium gly cerate,^ neutral alkali salts of aromatic hydroxy- 
acids (sodium potassium salicylate),^ the ammonium, alkali 
or alkaline earth salts of sulphonic acids, sodium tung- 
state,^^ soaj)s,i‘^ magnesium oxide or carbonate,’^ magnesium 

* Clay[)<>ol<% British Pat. 2,122 (1908); Kroiich Pat. 994,()14; van Voorhout , 
U.S. Pats. 1,271,992 -.4 (1918); Fivnch I*at. 48.9,4 1 7 (1917); Robinson -Bindloy, 
Wollor, Dnhrkon, British l*at. 145,128 (1919); KunsM.. IL 15. 174 (1921). 

Affording to Lobach carbon dio.vulo is immediately liberate<I. for wliich 
reason sodium carbonate has the sam(‘ action as tlii' hydroxide. See also the 
Tormatite (U» , K Roller, B.S. Pat. I,.5;i2,952 (1920);‘(". (1925), II, .950, on 
esfxuMal containers for sodium carbonate. 

»R-jral. Frouch Pat. 4t)8,241 (1914); KuusfMt., 5, 09 (1915); Dutch Pat. 
2,187 (1917); Kini/itfit., S, 45 (1918). 

‘ Robinson-Bindlcv, W'l'llcr, Dulckcn, British Pat. 194,594 (1918); KuHstut., 
10, 157 (1920); Scudih-r, Pettigrew, British Pat. 15S,79<) (1919); (\ (1921), 
TT, 9f2. 

^ Byrom, .Attwater, British Pat. 192,941; (\ (1929), W, 999; Kunfitat., 19, 
125 (1929); U.S. Pat. 1,472„95,9. 

« Brown, Kendall, P.S. Pat. 1,29.9.091 (1918). 

’ W’'. Kscli, (Jerman Pat. ,9(t5,598 (1917) ; (\ (1919), IV, 922 ; soo also Derman 
Pat. 952,594 (1915) (h‘s. fiir 4\*chnik rii.b.H.; .laloustre, Kheifetz, War- 
chavsky, British F’ats. 198,091 ; 1.99,147 (1919); 77, (>, 14 (1921). 

« Hcmernann, U.S. Pat. 1,441,981 (1929); British Pat. 1 84,984 ( 1921) ; see 
also Footnote p. 225 (termaii copy 

“French Pat. 489,915 (1917);’ Danish Pat. 21,909 (1919); British Pat. 
117,857 (1917); 0, 94 (1919); U.S. Pat. 1,27.9,997. 

Tarassoff, Shestakoff, British Pat B»2,t)95 (19Hi); U.S. Pats. 1,2.95, .507; 
1 297 579. 

Achtmeyor, U.S. Pat. 1,429,295 (1922); (\ (1929), IV, 998; KunstaL, J3, 
125 (1929); Canadian Pat. 240,.528. 

'a Wcniacit-Ccs., (;erman Pat.s. ,951,104 (1915); 984,147 (1920); Kunstat., 
14, 28, 92 (1924); (\ (1922), IV, 2.59; (1924), I, 2211 ; French Pat. 448,330; 
Kunatst.,' 3, 217 (1919); French Pat. 47.9,909; Kuuatst., S, 45 (1918); British 
Pat. 20,989 (1912): Kiuiatat., 1, 98, 1.59 (1914); Swiss Pat. 64,241 (1912); 
Kumtat., 4, 298 (1914). Soap and hydrosulphite: C. Kulas, C. Pauling, Swiss 
Pat. 93,297 (1920). ‘ ^ 

H. ROmmlor, Akt.-(les., Gomian Pat. 359,829 (1919); C. (1923), II, 
340; Kunatat, 13, 44, 57 (1923). 
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hydroxide, 1 alkaline earth oxides,- ammonia, hexamethylene 
tetramine, its salts and double compounds (not more than 2 per 
cent),^ ammonium salts of volatile organic acids or ammonium 
bicarbonate,^ ammonium sulphide (for pale resins),® amines 
(aniline) or ammonium salts,"^ aminophenols,^ indophenols 
and indamines, dimethylanilirie,^ hydrazine (colourless 
resins),!® phenyl hydrazine,!! liydroxylamiile,!- pyridine,!® 
and so forth ; also suj)eroxides!^ siccatives, !•’’ Activiiie 
(sodium salt of })-toluenesulphonecliloramide),!® and so forth. 

After the condensation is completed the l)asc.s nre sometimes 
neutralized. For this purpose, Aylsworth^'^ uses organic acids, 
such as jialmitic or stearic acid, or resin acids siu^h as colo- 
phony. For tlie iKuitralization of alkaline earth oxides, sul- 
phuric or carbonic acid are said to be used in oi‘d(u- to obtain 
salts vvliich are as iiu‘rt as possible electrically, in order that 
their presence in the ultimate [)rodiict may not ho disarivan- 
tageous. FilhoP” uses otliylsulphuric acid for neutralizing 


1 Ellis-P\)s(or(V).,(\ Kills, U.S. Pals. 1.580,424 5 (102.4); (1020), I, .4577; 

Kiinsttft,, 10, 150 (I02(i); see also I' S. Pat. l,5.4<),253. 

Aylswortli. U.S. I’at. 1,111,288. 

** Paquio, Australian Pat. 8,000 (lOOO); Wiocliinann, U.S Pat. 1.080,188 
(1013): Kendall, US Pat. 1,418,718; (' (1023). IV, 008; KtotfiM., 13, 125 
(1023); caustic potash solution and anunonia: I). Hai. U.S. Pat. 1,483,308. 

‘ Viekors, Ltd., .loco liubb ‘r & Waterprooliiifi ('o . L‘d . W. H. Nuttall, 
lintish Pat. 100,258 (1010); (\ (1021), IV, 132. 

5 Dior, BrltJ^h Pal. 124,010 (1010). 

« Kuniseh, Urt'uch J»at. 12ti,508 ( 1 0 1 1 ) ; . 7, .350 ( I 0 I 1 ) ; .2, 10(1012). 

" L. Helm, French Pat. 302,305, and addition 10,415; British Pat. 25,216 
(1907); Kuntitst., 2, 94 (1012); Austrian Pat. 38,051. 

® Felton & Uuillaumc ('arlswcrk A.-(J., (hu-man Pal. 358,105 (1010); Frdl.y 
XIV, 1130; (1922), IV, 0,55. 

“A. Ke^ral. U.S Pat. 1 ,5S4, 472 3 ( 1 025) ; (\ (1920), 11, 0,50; Bntisli Pat. 
254,888 (1025); U. (1020), II, 2501; KunsM., lOy 231 (1920); (ierman Pat. 
441,708; 442,.3?)1; U. (1027). 1, 2778. 

Vick,_‘rs, .loco liuliber ^ WaterprooOnj^ Uo., W. H. Nuttall, British Pat. 
158,447 (1010), (\ (1021), fl, 004. 

A. Kogal, Ucrinan Pat. 442,301 ; V. (1027), I, 2278. 

12 Lcbach, ./. Soc. Chrni. htd., 32, ,500 (1013). 

Baekeland, U.S. Pat. 042,809 (1000). 

Siemens & Halsko A.-(l.. .1. Uriiss, Uerinan Pat. 432,2,52 (1024); C. 
(1926), JI, 1793. » 

Westin^^house Electric & Manufacturing Co., LLS. Pats. 1,*032,113; 
1,633,976; U. (1028), II, 294. 

G. Petrow, British Pat. 28.3,002; French Pat. 028,1.30; (\ (1928), II, 

815 . 

i’U.S. Pats. 1,140,.30() (1915); 1,111,288, 

British Pat. 147,173 (1920). 
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ammonia. Organic acids, such as benzoic and saKcylic acids, 
are also recommended.^ 

Acids and other Reagents ot Acid Character. Acids and acid 
salts may be used with advantage for the production of fusible 
and permanently soluble phenol-formaldehyde resins, as was 
explained in the section dealing with the subject. (See page 280 
et seq.) If large proportions of formaldehyde are used, however, 
insoluble and infusible products are obtained; these products 
were frequently obtained at the time when the scientific investi- 
gation of these processes was in its infancy ; their production 
is not surprising in the presence of such condensing agents as 
strong mineral acids. For the production of hardening resins, 
basic condensing agents are more suitable than those of acid 
character, although the latter have been proposed for certain 
processes. Acids were more especially used as condensing 
agents in the first technical attempts to exploit the phenol- 
formaldehyde condensation, and their energetic action was 
moderated by the addition of solvents, either during the initial 
condensation (Smith), ^ or during the hardening process (Luft).® 
A. T. and F. E. Birkby** carry out the condensation of phenols 
with formaldehyde in the presence of dilute sulphuric acid, 
which is neutralized by the addition of lime after the reaction.^ 
A similar action is presumably exerted by such condensing 
agents as acid salts,® and the chlorides, sulphates and phthall- 
ates of hexamethylene tetramine,^ and also by such substances 
as the chlorides of zinc and aluminium,^ stannous chloride,^ 

^ Wenjacil Goscllsrliuft, Goniiaii Fat. 351,104; on tho usn of lactic acid 
for neutralizing (WX).-,, st‘C G. A. Lacroux, French Fat. (>2.3, .535; (\ (1928), 
TT, 294. 

2 German Fat. 112,685 (1899); Chem. Ztg. (lOOO), 740; British Pat. 16.247 
(1899); U.S. I’at. 643,012 (190(»); Austrian Pat. 3,198. 

» Gorman Fat. 140,552 (1902); Chem. Ztq. (1903), 374; French Pat. 735,278 
(1903); French Pat. 320,991 ; Austrian Pat. 14,037; British Pat. 10,218 (1902). 

* British Pat. 153,494 (1920); C. (1921), 11, ,362. 

® Soo also Aylsworth, U.S. Pal. 1,197,171 (1916); Kunstst., 7, 62 (1917); 
on tho use of oxalic acid, which is finally neutralizi'd, for example, by calcium 
carbonate, seo Allgom. Elektrizilats-Gos., German Pat. Ajiplication A, 30,190, 
Class 22h (16th FebrUary, 1918.) 

« Knoll & Co., German Pat. 219,209 (1907); Fnll. IX, 1120; C. (1910), 
I 973. 

' 7 British Pat., 160,258 (1919). 

® General Electric Co.. Freno!i Pat. .406,686 (1909). 

® American Cellulose and Chem. Manuf, Co., Ltd., G. W. Miles, U.S. Pat. 
1,549,888 (1924) ; C. (1926), T, 251 ; Knnstst., 16, 75 (1926). 
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ferric chloride,^ calcium chloride, ^ lead acetate, ^ sulphur diox- 
ide,^ carbon dioxide,^ chlorine (followed by Chile nitrate)® 
phosphorus pentachloride,'^ salts of bromine,® ozone,® degrad- 
ation products of cellulose (from oxycellulose and calcium 
hypochlorite)!® bleaching powder,!! and so forth. Other con- 
densing agents which are employed are chlorinated hydrocar- 
bons, !2 sulphonatcd rosin oils,!® aromatic sulpho-fatty acids 
or naphtha-sulphonic acids,!^ naphthaI(‘ne-a-sul])honic acid,!^ 
the neutral esters of strong acids,!® chlorarnino-aldehydes,!" 
toluenesulphochloramide,!'^ and acids which decompose, or the 
salts of amines, such as aniline acetate, which ar(" converted 
into inert materials during the hardening process.!® 

^ StonkliauHon, BriOsli J^it. I4,4Kl (J91.‘{); U.S. J'nf. J,ir)0,()42 

(1916); Fronoh Pat. 460, (>76; Swiss Pal. G(l,61.‘l. 

Soe. ties Vorruries do Folonil)mv, Freuoh Pai. 6r>.‘{,777 (1922); (\ (1926), 
TI, 1595. 

® Crigori Petrow, (^ornian Pat. 442.211 ; CL (1927). II, (>45. 

^ Sarasoii, CJornuni Pat. 219,670 (1908) ; S4‘o p. 279; HoinoinaTni, Harvey, 
Robinson, British Pat, 28,187 (1913); Kiutsfst., 6, 80 (1910); Hoinomann, 
British Pat. 9,390 (1914); Kiuisfst., 6‘, 73 (HUO); Sniitli, (h'nnan Pat. 
112,085(1899); ('hem. Ztq. (1900), 740. 

f*ats. 1,253.201-2 (1918); 1.263,404 (1918). 

® Allgeni. Elektrizitats-(h‘s., (lernian Pat. 273,201 (1912); Kunstst., 4, 213 
(1914); (L (1914), I, 1794. 

’ E. Ropp, Fronch Pat 604,576 (1922); (1920), II, 1595. 

“ R. Mannesinann, Swiss Pat. 87,040 (1919); C\ (1921), IT, 302; KunstnL, 
Jh 71 (1921). 

** Regal & Oo., ,1. Novak, J. Kostal, (lernian Cat. 429,043; Austrian Pat. 
100,205 (1924); (1920), II, 1207. 

W. Hiniler, Enir^rrieve, W. 'Pod, .Ir. A' Po., ( 'anadaui Pat. 246, (>.51 (1924); 

(1920), I, 260; KutisM., Hi, 117 (1920); Pritigh Put. 218,793 (1923); CL 
(1920), II, 113; IT.S. Pat. 1,679,112; Fnaich Pat. 681,706; Austrian Pat. 
102,796; CL (1928), 1, 122; (hwiiuin Pat. 468.106; CL (1928), I, 2404. 

R. Amot, German Pat. 418,732 (1924); (\ (1920), 1, 1916. 

Maiinesina.nn, Swiss Cat. 79,902; Knnslst., 9, 201 (1919); Swiss Pat. 
86,870; Kunstst., 11, 47 (1921); BauuntenieliTnnngen G.m.li.H., (Jerman Pat. 
Application S,'40,439, Glass 39h (1 0th March, 1917). 

K. Tara.ssoff, (tennan Pat. .307,2.39 (1914); C. (1923), TI, 803; KuhHtst., 
13, 34, 89(1923); British I’at.s. 0, 710(1914); 7,500(1914); 102,751; U.S. Pat. 
1,235,507; KunsM., 0, 205 (1016); 7, 162, 309 (1917); .S', 67 (1918); 11, 166 
(1921). 

G. PetrolT, German I’at. 407,002 (1922); Kuv»lsl., 13, 1()5 (1926); CL 
(1926), 1, 1818; FrdL, XIV, 1142; on the ])roduct known as “ Garbolite,” soo 
Kunatat, IS, 81, 107, 124 (1926) and 16, 261 (1926); 17, 46 (1927). 

13 G. r)anilowitsc*b, G. I’otroff, German Pat. 418,198 (1924); C. (1926), I, 
261 ; Kunatat., 16, 76 (1926); British Pal. 231„501. 

1* Martinet, Vaithor, Fixmch Pat. 538,450; C. (1923), IV, 730; Kunatat., 
13, 125 (1923). 

1^ Regal <fe Co., R. Singer, U.S. Pat., 1,590,961 (1925); CL (1926), II, 1207. 

9 i« G. Petroff, British Pat. 283,002. 

C. Kulas, J. Scheiber, German J>at. 432,152 (1924) ; CL (1926), II, 1792. 

21- (5647) 
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The recommendation has also been made to effect the reac- 
tion in stages, a separate condensing agent being employed 
for each. Thus, Claypoole^ recommends that the condensa- 
tion should be effected in the presence of acid, which is then 
neutralized, after which the material is concentrated by evapora- 
tion and finally Iiardened in the presence of a base. According 
to another process condeusation is carried out after the addi- 
tion of acid, and after condensation fiesh quantities of phenol 
and formaldehyde are added, and the mixture further condensed 
to foi-rn the hardening plienol-form aldehyde resin in a basic 
medium. 2 It is alleged that by these means less formaldehyde 
is used. (Condensation in stages with interposed washing opera- 
tions has also been proposed.*^ On the production of phenol- 
formaldehyde resins under the influence of electrolysis, see 
French Pat. 518,600 (1919);^ on the influence of the silent 
electric discharge, see U.S. Pat. 1,473,347 (1921).^ 

Various Added Materials. The insoluble and infusible final 
products obtainable from the hardening phenol-formaldehyde 
resins are extremely hard materials, which show a fair amount 
of elasticity under certain conditions, but usually products are 
obtained wliich have insufficient resistance to stresses, and 
especially to longitudinal stress and percussion. These defici- 
encies can frequently be overcome by the addition of suitable 
fillers, especially those of a fibrous character. When, however, 
no such materials may be added, as is more especially the ease 
for materials w4nch are to be employed for casting, the elas- 
ticity must be improved by the addition of certain substances 
which possess solvent power, i.e. which act, so to say, as dis- 
j^ersion agents in the gel which is produced, and which greatly 

^ Britisli l^it. 1M22 (lOOS); Fronch Vnt. .31)4,1)1 4. 

- C. Kvilas, (\ ({»‘rnian Pat. 41l,9.')0 (1920); ('. (1925), TI, 1232; 

(lorrnan Pat. 424,074 (1921); (\ (1929), 1, 2152; Ktoistst., 76*, 117 (1926); 
Clonnan Pat. 431,619 (1922); (\ (1926). II, 1467; l(i, 254 (1926); 

Brithsli Pat. 1.59,194 ( 1920) ; (1921), TV, 1,33 ; British Pat. 191,417; (1923), 

TV, 599; U.S. I^it. 1.414.139 (1922); 1,.582.056; Swiss Pats. 93,297; 94,616; 
106,557 (1923); C^aTiaOian Pat. 240,145 (1923); Frenr-h Pat. 540.297; Danish 
Pat. 29,4/2. 

3 E.g. Bee E. E. Walker, British Pal. 259.041*); (\ (1928), 1 1, 294. 

* Rosaii Kunstharzerzeiigungs-Oes., C. (1921 ). TV, 912 ; ITritish Pat. 130,608, 
Swiss Pat. 90,710; Knristst., 38, 39 (1922); AuBtrian Pat. Application A, 
1609-18, Clafls 39b (22nd PVbruary, 1918). 

» W. Hoskin^, C. (1926). II, 1470; KximUt, J6, 254, (1926). 
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influence, as such, its mechanical properties. Some of the sub- 
stances which are emp]o3"ed are themselves cajjable of react- 
ing with formaldehyde or with phenols, such as glycerine, 
casein, glue, and so forth. Others do not interact chemically 
with formaldehyde-phenol condeinsation products or their com- 
ponents. The substances which are used are ordinarily incor- 
porated after the formation of tlie initial condensation j^roduct ; 
there are, however, processes in which such substances are 
dissolved or caused to interact chemicall}' with one or the other 
component or their mixtures. 

In the accounts of the first attempts to produce hardening 
phenol-formaldehyde resins the most important additions are 
already mentioned, such as 5 to 10 per cent of natural resins 
(Smith), camphor, rubber, glycerine, and so forth (Luft), and 
fatty oils, such as castor oil, olive oil, almond oil, turnip oil, 
and so forth, and also pitch (Story). TIk* following are also 
mentioned later: kieselguhr, talc, starch, (casein, pigments 
(Bakelite G.m.b.H.),^ resins, camphor, camphor substitutes, 
cellulose, esters, organic and mineral pigments (Knoll & Co.),^ 
clove oil, soap, shellac, small amounts of pai’affins, benzene 
hydrocarbons ((^laypoole),^ amyl alcohol (Smith), and so forth. 
These and other similar additions are referred to in later patent 
specifications, with considerable regularity. In the following 
account, thercfoie, those processes only will be dealt with 
which devote special attention to the substance in question. 
Authentic information on the specific suitability of these vari- 
ous materials has not yet been published,^ and a detailed 
description may therefore be dispensed with. 

1 Gt-rmaii V^. 228,fi:i9. - firitisli Pat. 28,009 {1908). 

3 British Pat. 2,122 (1908). 

* Bottler, KunatharzCy Leipzig and Munich (1919), p. 37, refers to the 
results of investigations by the Vienna llesearch liistituto for ('Hieiuical 
Industry, according to which small additions of calcium oxiile and zinc oxide 
to a so-callod ‘‘ acid rosin ” frt>m phenol and formaldehyde reduced the 
brittleness satisfactorily witliout any decrease in the hardness. On the other 
hand, the brittleness was not reduced by the addition oti various mineral oils 
and rosin oils. “ The best results were obtained by tlio a<ldition to*the acid 
resin of various organic bases, such as aniline, dij^henylamine, pbenyleno 
diamine, or naphthylamine in small amount.” An “ alkaline resin ” which 
was similarly tested showed no such improvonjent. It is impossible to gat her 
from the citation whether the resins were of the hardening type or not ; more- 
over, part of the observed effects may be due to the action of the added 
substances as active fillers, that is, as contact agents. 
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Among other substances which are used are the following : 
hydrocarbons, such as naphthalene, nitrobenzene, and so 
forth ; ^ chloronaphthalenes,*^ chlorophenols,^ unsubstituted 
phenols,^ cresyl phosphates,'* anhydroforrnaldehydeaniline and 
aniline,® glycerine,’ alkali glycerate,® lactic acid,® anhydrides 
of organic acids, benzoic acid, salicylic acid,^^ also cumarone 
resins other resins, glycerine-phthallic acid resins, 
phthallic esters,^® permanently fusible resins, for example, 

^ Baekeland, U.S. Pat. I,ir36,452 (1915); Kmistst., 0, 12 (1915); U.S. Pat. 
1,216,265 (1917), “ Neutral oil U.S. Pats. 1,259,472-3 (1918); also anthra- 
(*ene and liquid hydrocarbons, such as toluene, xylene, and cumene, which 
are capable of dissolving the resins in the presence of naphthalene. 

2 Aylsworth, U.S. Pat. 1,087,422 (1914); KnnstM., 4, 238 (1914); U.S. Pat. 
1,111,285 (1914); acetanilide, castor oil, dinit robonzeno, and bo forth, may 
also be used; sec also U.S. Pat. 1,090,439 (1914); Kunstst., 4, 276 (1914); 
Manneamann, Danish Pat. 24,697 (1919). 

a Avlsworth, U.S. Pats. 1,046,137 (1913); 1,046,420, 1,102,634; British Pat. 
9,669 “(1911); Kumtst, 2, 316 (1912); French Pat. 429,292 (1911); German 
Pat. .307,892 (1911); Frdl. XTII, 649; (\ (1918), TT, 786; Knnstst., 8, 306 
(1918). 

Aylawortli, U.S. Pat. 1,090,439. 

a Bat^keland, U.S. Pat. 1,439,056 (1922); C. (1926), TT, 1468; KimstHt.. 16, 
263 (1926). 

« Baekeland, U.S. Pat. 1,133,083 (1915); 1,216,265-6 (1917); 1,217,116 
(1917); together with hydrocarbons or chlorinated hydrocarbons; see also 
Goldsmith, U.S. Pat. 1,228,428 (1917); also U.S. Pat.‘ 1,168,626, 1,188,239; 
1,230,829. 

’ Favolle Fr<*nc}i Pat. 335 584 (1903); Les IVoduits (^limiques de Croisay, 
Swiss Pat. 43,633; L. Grognot, U.S. Pat. 906,219; Drummond, British Pat. 
184,961 (1921); V. (1923), IV. 670; Kumtst., 12, 175 (1922); 13, 125 (1923); 
Petroff, (termau Pat. 407,002 (1922); C\ (1925), 1, 1818; Dhanpat Rai, U.S. 
Pat. 1,483,368 (1923); (1925), l‘ 580. 

« Bakelite G.m.b.H., German Pat. 377,188 (1919); (\ (1923), IV, 603; 
Frdl. XIV, 1141; A. HeinemauTi, French Pat. 638 606; G. (1923), IT, 863; 
Kunstst., 13, 90 (1923); U.S. Pat. 1,441,981 (1921); G. (1924), T, 517; British 
Pat. 184,984 (1921); Kunatut., 12, 175 (1922). 

® Petersen, Clark, British Pat. 179,586 (1921); Sato, British Pat. 182,886 
(1921); G. (1923), IV, mS) •, KimsUt., 13, 125 (1923); Canadian |*at. 233,598. 

Aylsworth U.S. Pats. 1,020,594 (1912); 1,046,420 (1912); 1,102,634 
(1914);' Kunstst., 2, 256 (1912); 3, 116 (1913). 

Wenjacit ( ies.m.l). H., (ierman Pat. .351,104 (1915); KunsM., 12, 133 
(1922); see also German Pat, 384,147 (1920); KuhsM., 14, 28, 92 (1924); 
G. (1922), TV^, 256; (1924), 1, 2211 ; colophony, montan resin, ceresine, naph- 
thalene, or clilormated naphthalenes. 

McCoy, U.S. Pfjt. 1,425,784 (1922); iTulene i-esins, i)olyinerized w'ood 

oil. 

Japanlack: Hatta, Nakajima, Kaisha, Japanese Pat. 39,310 (1921); 
natural resins; E. Jack, Suiss Pat. 107,6,30 (1924); French Pat. 691,637 (1926); 
G. (1926), IT, 1476; Kunstst., 16, 256 (1926). 

Barrett Co., L. WeisWg, U.S. Pat. 1,443,935 (1921); G. (1926), 
I, 2731; Kunstst., 13, I8l (1925). 

Soldeii Co.e C. Conover, U.S. Pat. 1,692,082; C. (1926), IT, 2120. 
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from phenol and formaldehyde, ^ creosote oil,^ residues from 
the production of synthetic phenols,^ turpentine oil,'* turpentine 
oil and glycerine, “ cellulose esters,** acetic esters of glycerine, 
cellulose, and so forth ; mineral oil or tar oils and emulsifying 
agents,"^ oleic acid,*^ castor oil and other fatty oils,** oxidized, 
saponified, or sulphonated oils,^^ factis,i^^ stearine pitch, 


‘ Baekeland, U.S. Pals. l,;iO(>,(iSI 1,401,953 (1922); see also U.S. 

Pais. 1,269,472-3 (1918), and 1,150,452 (1915). 

2 Redman, U.S. Pats. 1,242.592-3; Kunstsf., S, 143 (1918); British J*at. 
119,252-3; 10, 101 (1920). 

“ Hutin, Dauphin, Froneh T*at. 491,204; Kunsff<f., 10, 105 (1920). 

'* Tarassoff, Shestakoff, British I^it. 104,887 (1910); U.S. Pat. 1,252,507 
(1918); also other terpenes, tars, ete., see also K. Tarassoff, British Pat. 
223,636; French Pat. 508,925 (1923); U. (1920), 11. 1475; Kiimtst., 10, 254 
(1926). 

■* Van Voorhout, French Pat. 423,417 (1917) ; U.S Pat. 1,271,393; KunstM., 
10, 92 (1920). 

“ L. (V)llardon, Belgian Pal. 252,900; Fnaich Pat. 453,393; Swiss Pat, 
63,821; Kiinatst., 5, 270, 355 (1913); 1, 210 (1914); Aylsworth, U.S. Pat, 
1,094,830 (1914); Bonner, U.S. Pat. 1,173,337 (1910); Jones, U.S. Pat. 
1,209,105 (1910); Weller, Robinson -Bindley, British Pat. 152,384 (1919); 
Kunstst., IJ, 37 (1921); U.S. Pal. 1,308,807 (1921); C. (1921), H, 267, 857; 
Dupont, British Pat. 108,838 (1918). 

’ G. Petroff, (h'rnian T’ats. 424,951 (1921); 437,012 (1924); Australian 
Pats. 8,622-3; British Pat. 203,124; 205,107; French i>ats. 553,755- 6 (1922); 
C. (1926), 1, 2853, II, 1471 ; (1927), I, 530; Knustst., 10, 'jrui (1920). 

» Chappell, U.S. Pat. 1,102,473 (1914). 

« Robinson, British Pat. 1.30,298 (1918); KunatsL, 10, 158 (1920); French 
Pat. 520,305 (1920); ( (1921), IV, 810; see also the intorestinjj method of 
A. H. Brow 7 ), Siluminito Insulator Co., Ltd., British Pat. 255,510 (1925); 
C. (1926), 11, 2.501 ; Bakelite Cor., L. C. Byck, U.S. Pat. 1,590,079; Westing- 
house Klectric & Manufacturing Co., U.S. Pat. 1,633,976; f'. (1928), II, 294. 

Caro.selIi, U.S. Pat. 1,080,139 (1914); KnnalaL, 4, 275 (1914); Chem. 
Fabrik Florshcini, Dr. H. Noerdl in ger, Orman Pats. 253,517 -8 (1910) ; A" 

3, 17 (1913); French Pat. 444,020 with a<ldition 15,927; Kunstst., 3, 50, 67 
(1913). * 

” Wmiiiagol, U.S. PalH 1,107,003 (1914); 1,107,316 (1916); Uritisli Pat. 
20,986 (1912); alHO Ha]>cmillp.<i romn (colophony); Rccsor, French Pat. 479,319 
(1916); Kunsm.. 7, 27, 52, 66 (1917); 8, 42 (1918); Uritisli Pat. 10,0.66 (1916). 

Tarassoft, Hritish Pats. 528. 6,716, 7,560 (1914); French Pats. 469,832, 
470,810 (1914); U.S. Pat. 1,187,869; KunaM., 6 ,283 (1916); U.S. Pats. 
1,216,515-6 (1917); hIho sulphonah’d resin oils, U.S. 4’at. 1,235,507 (1917); 
German Pat. 367,239 (1914); C. (1923), II, m3;KunaM., 13, 34, 8(1(1923). 

»» ,1. .1. lluser, Gcnnan Pal. 273,192 (1913); Prdl. XI, 857; U. (1914), 1, 
1720; KuiiaM., 4, 214 (1914); Fronc4i Pat. 458,904; KunaUt, 4, 66 (1914); 
Swiss Pat. 65,927: ATuastsf., 6, 56 (1916); MoUoy, U.S. Pat.. 1.194,201 (1910); 
Kunatal.. 7, 9 (1917); British Pat. 13,6.67 (1913). 

Barringer, U.S. Pat. 1,091,621 (1914). 



318 


ARTIFICIAL RESINS 


naphthenic acids, ^ viscose and similar products, ^ starch,^ gela- 
tine,^ glue,® casein,® vegetable proteins,’^ albumens,® partially 
hydrolysed gelatine, albumens, and so forth,® ox blood serum, 
and other substances. Recently, the resins from aromatic sulpha- 
mides and f ormaldehyde^i and furf uroP^ ^ ave also been proposed . 

The above-mj^ntioned filling materials not only serve to 
endow the final product with greater elasticity, but also fre- 
quently serve to reduce the price. Also, in their capacity as 
diluents, they sometimes reduce the rapidity of hardening,^® 
which is of special importance for such materials as are utilized 
for castings and whieli are then hardened in the moulds. Vola- 
tile solvents have also been added to the hardening phenol- 
formaldehyde condensation products for such purposes. If, 
for example, such a resin, when unmixed, soon hardens at 70° C., 
if mixed with considerable quantities of alcohol it may be boiled 
for several days under reflux without the formation of any 
insoluble material . 

i 0, Potroff, (iermnii Pat. 437.012; (1927), 1. 530. 

^ Collardori, Hritisli Pat. J,59S (1912); Kunstst.^ 3, 205 (1J03); Swedifth 
Pat. 40,613 (1016); Taylor, U.S. Pat. 1,172,073 (191 6) ; 6', 196 (1916); 

CiollardoTi, AiiHtriaii Pat. H2,S03; Kutistsl., JJ^ 159 (1921); Brontiert, U.S. 
Pat. 1,374,718 (1921). 

« Knoll &■ Co., Frond) Pal. 397,051 (1908); British Pals. 27,096 (1908); 
6,4,30 (1911); U.S. Pat. 965,823 (1910); Tnlosh, Canadian Pat. 229,396 (1922); 
C. (1924), T, 1717; KunstsL, 14, 71 (1924); Diamond State Fibre Co., British 
Pat. 221,553. 

B. B. Goldsmith, US. Pat. 1,076,417 (1913); KunstsL, /, 174 (1914); 
Albuminoids; Stockhausen, German Pat. 277,653; C'hvm.-ZUj. Nep. (1914), 
573; French Pat. 466,435 (1913); German Pat. 280,144 (1912); Kuntftet., 4, 
238, 370 (1914); The Commercial Products Co., Ltd.. Swiss Pat. 50,078; 
Kunsm., 4, 368 (1914). 

^ Berend, U.S. Pat. 952,724 (1910); Biichner, Swiss Pat. 93,815 (1919); 
K'unstst., 12, 164 (1922); K. Arnot, Cana<lian Pal. 256,883. 

« Berend, U.S. Pat. 1,040,850 (1912); see also French Pat. 4.36,720 (1911); 
Kunstst., 2, 255 (1912); 3, 97 (1913); B. B. Goldsmith, Austrian Pat. 43,463; 
Kunstst, 1, 73 (1911); see also D. A, Sjieneer, H. D. IMurray, Soc, 

rhem. Ind., 46, 637; (’. (1927), 11, 1756; albumen, casein, cellulose. 

^ Sato, U.S. Pat.s. l,245,975-(4 8 9, 1,24.5.980 12 3 4 (1917). 

® B, B. Goldsmilli, French Pat. 418,060; U.S. Pat. ; Kunstst., 1, 

73, 2,36 (1911); AViedimann, U.S. J’at. 1,061,346; Knustst., 3, 455 (1913); 
U.S. Pat. 1,135,340; ,5. 226 (1915). 

» R. Amot, British Pat. 225,953 (1923); G. (1925), T, 2049. 

H. Hagendorf. A. Breslauer, German Pats. 274,179(1913); 288,347 (1914). 

" Bakelite Corp.. U.S. Pat. 1,650,109; C. (1928), II, 814. 

12 Bakelite Corp., I^.S. Pat. ,1,609,506; Canadian Pat. 261,953; C. (1928), 
II, 1040. 

1® Hoxamothvlene-tetramine is also recommended as a softening or plas- • 
tioising agent ; Bllia-Foster Co., C. Ellis. U.S. Pat. 1,579,196 ; C. (1926), II, 113 
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In the production of pressed mouldings such additions are 
also advantageous, in so far as they appreciably delay the 
hardening process and so enable the heat to penetrate better 
into the interior of the article, and thus promote the required 
transformations ; the volatile substances which are produced 
are also thus afforded an opportunity of escaping through the 
outer layers, as these are not so rapidly converted into resite. 
On the other hand, in the case of additions of a coin para tively 
volatile character there is danger of blister formation, unless 
the temperature of hardening is kept veiy low, which not only 
delays the whole process, but prevents the n'quiied and desir- 
able degree of hardn(‘ss and of chemical inertness from ])eing 
attained. Many such additions, such as glyceriTie and phenol, 
considerably detract from the more desirable electrical proper- 
ties of the j)roduct. Others, such as all liydrocarbons and their 
derivatives, prevent the formation of products of uniform char- 
acter, on accomit of their high va.])our pressure and consequent 
volatility ; they also diminish the binding effect on any fillers 
which may be present. The addition of n^sins, cellulose, esters, 
rubber, and so forth, reduces the resistance to heat, which is 
one of the special advantage's offered by lesites. 

Further Modifications of the Processes. Apart from the 
variations in the raw materials, condensing agents and other 
conditions, which we have already dealt with, modific^ations of 
the original process of ])roduction of hardening phenol-form- 
aldehyde resins are mainly concejiied with the purification of 
the condensation product and the removal of the water which 
it contains.^ 

Such measures were found to be ])articularly necessary when 
attention was directed to the production of pure j)henol-form- 
aldehyde products, free from condensing agents, from uncom- 
biiied raw materials, such as phenol, and from any dyestuffs 
which might have been formed,^ after these impurities had 

^ On tho conduct of tlio reaofion at lower temperatures at whieb it is not 
exothomiie, see Wieclimann, U.R. Pat. 1,126,926; Kunstst., 5, 129 (1916); 
on reactions between plienols and foniialdel^-dc in presence of hydrocarbons, 
alcohol, and so forth, see Les Proddits Cbimiquos de Croissy, French Pat, 
392,978. 

* On the formation of Aurine, see Tranbenl^erg, Anyew. 36, 516 (1923). 
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been recognized to be responsible for dark coloration of the 
product and its instability to the action of light and air. Thus, 
Poliak^ obtained pale final products, fast to light and air, by 
first producing initial condensation products with the smallest 
possible amounts of acid or basic condensing agents and then 
washing these systematically, first with water and then with 
organic solvents hiivscible with water, such as alcohols, ketones, 
and aldehydes,'^ and then hardening. According to another 
process, the substances which give rise to the production of 
coloured products are removed before hardening by extraction 
with suitable solvents such as ether.'^ Coralex'* {)roduced puri- 
fied haidening rc^sins by washing the crude ])nmary condensa- 
tion j)roduct from phenols and formaldehyde consecutively 
with hot water, dilute mineral acids and cold water. Purifica- 
tion by dissolving in alkali hydroxide solution and reprecipita- 
tion witli acid is also recommended.^ Finally, special atten- 
tion should b<^ directed to processes of purification of the con- 
densation products in the form of their colloidal solutions. For 
this jmrpose the (*rude condensation products are peptonized 
by means of aqueous alkali hydroxide solutions of the highest 
possible concentration in quantity insufficient to form salts of 
the resin, with or without the presence of organic solvents. 
By precipitation by water or by solutions of salts which exert 
a hydrotroj)ic effect, such as soap solutions/^ or by salts, such 
as alum, sodium chloride, aluminium suljdiate, and so forth," 
the resins are then obtained in purified form, the impurities 
remaining in solution. In place of alkali hydroxides, oxides or 

^ (Jorman PmI. ( 1919) ; Vrdl. XIV, ! 149; also ir.S. Pat. 1,300,352 

(1014); r. (1921), IV, H09; liritish Pat. 20,977 (1914); Kiinstst.. 205 (1916); 
11 183 (1921): Swiss Pat. ; Kunstst., 7. .30 (1917); Austrian Pat. 79,870; 

KiinsM., 10, 182 (1920); Froiicli Pat. 510,003; 

* Th“ addition of a substanco wliioli oxidizes jdienols is also roeoinrnondod. 

3 Bakehli^ (l.m.b.H., (Jorniaii Pat. 2.33,395 (1910); C. (1911), I, 1267; 
KanstNt., /, 174 (1911). 

^ British Pat. 148,264 (1919). 

® The Ilainard Lae^uor Co., V. I’otter, French Pat. 520,364 (1920); C. 
(1921), IV, 809; British Pat. 131,112; KunstHt., 10, 46 (1920); Coralex, French 
Pat. 628,4'42; C. (1922), IV, 955; and othcr.s. 

« Bakolite O.m.b.H., (tcriiian Pat. 431,514 (1925); (\ (1926), TI, 1465; 
KumtsL, 16, 254 (1926). 

’ Bakelite (hrn.h.H., F. SeehdHi, (ielnian Pat. 432,203 (1925); C. (1926), 
II, 2119; on the production of salts of resins bv salting out, see H. Bucherer, 
German Pat. 35q.043; C. (1922), IV, 157. 
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hydroxides of the alkaline earth metals or metallic phenol com- 
pounds may be employ ed.^ The solutions of the resins in alkali 
may also be treated with acids in the piesence of salts which 
exert a hydrotropic action. ^ 

A method which unites a process of production with one by 
which the product is purified in alkaline solution, is represented 
by a process, the object of which is to produce resins free from 
phenols,^ and which is similar to the methods of I)e Laire and 
of Blumer, with which we have already dealt. According to 
this process the phenol is used in alkaline solution, and is 
introduced in that form at 15"" C'.. and with cooling, into a quan- 
tity of formaldehydes or acetaldehyde such that this is always 
present in excess throughout the reaction. The ])henol-alcohoIs 
or poly-alcohols which are first obtained are then converted 
into resins by heating. 

It is alleged that the phenols are more easily removed by 
washing if the resins are treated with de-gelatinizing agents, 
such as solutions of lactic acid.^ It is also alleged that water 
and free phenols are easily removed by mixing monoacetin 
(glycerine-niono-ac(‘tate) containing free acetic acid with the 
resin and then fractionally distilling.^ A final method remains 
to be mentioned, according to which colourless resins are stated 
to be obtained by treatment with carbon disulphide. 

The xanthogeiiic acid esters whiidi are first formed are decom- 
posed by acids after removing the impurities. 

It is alleged that the phenol-formaldehyde resins, as first 
obtained, can be dehydrated by treatment with prodyl 
alcohol.” 

% 

1 (i.in.b.H. F. S<Mamcli, (k'niian Pat. 42,‘k727 (1025); C. (1926), 
n, 2119. 

2 Bakolite* (l.ni.b.H., (k-rinun i»at. 432.202 (1925); (J. (1926), II, 1792. 

^ Chem. Fabr., Dr. K. Albort, (bin b.H.. H, Ariiaiiii, K. Fonroliort, U.S. 
Pat. 1,614,171 ; British Pat. 261,472; French Pat. 596,072 ; t'. (1927), I, 1890; 
(rorman Pat. Application ('. .31, .310, I\', 12q and (^. .3.3,194, IV, 12q. 

^ O. Ehrlich, Dorman Pat. 42.3,0.32 (1922); 0. (1926j* I, 3432. 

» Simtoi, French Pat. .540,3.36; (\ (1023), IV, 670; Kumta^, 13, 126 
(1923). 

® Camus, Duchcinin. H. Berthon, Fn^noh Pat. 522,150 (1919); C. (1921), 
IV, 872. 

’ Wenjaoit-Des. rn.b.H., Dorman Pat. 359,061 (1920); Frdl. XIV, 1134; 
C. (1923), II, 340; KunsM.. 13, 44, 56 (1923). 
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The proposal has also been made to treat the finished resin 
with sulphur, sulphur chloride, and so forth. ^ 

Appliances for the Manufacture of Hardening Resins. The 

ordinary manufacture of hardened phenol -formaldehyde resins, 
as described at the commencement of the chapter, is carried 
out in charges of several hundred kilograms. The following 
considerations must be allowed for in the design of the required 
plant. At first, during the reaction, which is initiated by warm- 
ing the reaction mixture for a short time, considerable amounts 
of heat are liberated, and the temperature must theiefore be 
controlled by suitable means of cooling; provision must also 
be made for sufficient reflux cooling of the vapours to prevent 
loss of the components and consequent alteration of the com- 
position of tlie batch, as the temperature rise caused by the 
leaction leads to vigorous boiling of the reaction mixture. Fur- 
ther, the dehydration of the condensation product requires 
special precautions in consequence of the facility with which 
the hardening process juoceeds in the product. The tempera- 
ture may be maintained so low by distillation under pressure 
that the danger of premature hardening of the mass, with 
consequent insolubility and infusibility, is avoided ; but as the 
hardening jirocess is also exothermic it is necessary to provide 
for rapid cooling of the mass after this has beem sufficit^ntly 
dehydrated, in order that the hardening jirocess may not occur 
Ihrough inteinal heat evolution. 

Finally, the constructional material of the n action vessel 
is important-, more particularly for the colour of the jiroducts. 
Vessels of iron, lead or aluminium can ordinarily not be used. 
Copper v('ssels impart a slight dark coloration to tte products, 
especially if ammonia is used as a condensing agtuit . Enamelled 
or tinned iron vessels or tinned co])]ier or nickel vessels are 
suitable for the production of pale resins.^ 

A detailed description of the plant is impossible here, as its 
design greatly affects the results obtained and must, therefore, 

^ A. Sarmiol, Fivneh Pat. /)49,Sll ; C. (1923), IV, 574; soo also (lompt. rend.^ 
182 , 206 (1926) ; (1926), T. 272{J ; product is sold as “ Thiolite ” ; see also 

Soci6t6 “La Thiolite,” Swiss? Pats. 102*,9vS5; 12.5,975; Oennan Pat. 447,000; 
W. Nagel, Ayigew., 41 , 685 (1928). 

2 Aylsworth, U.S. Pat. 1,102,630 (1914). 
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be kept very secret. For the production of Novolaks, any vessel 
capable of being heated, which is provided with an arrange- 
ment for securing a good draught, or still better, with a hood 
provided with a reflux condenser, may be used. For the manu- 
facture of resoles, however, a number of details are of decisive 
importance, such as the dimensions of the hood, the relative 
proportions of diameter of reaction vessel to height of batch, 
shape of the bottom, dimensions of the exit })i])e leading to 
the condensing plant, stirring gear, diameter of outlet valve, 
and so forth. All these details and many others arc only 
settled by juactical experience, and after commencing manu- 
facture in a plant it- is usually ff)und necessary to make a 
number of alterations before satisfactory results are obtained. 
The arrangement of the control platform is also of great im- 
portance, as during tlu' f)ro(^(*ss (continual alterations hav(^ to 
be made in the steam supjdy. supjdy of cooling wat('r, d(*gree 
of vacuum, and so forth, whilst the reaction mass must be 
continuously watched through sight glassc^s. 

The pre])aration of the actual composition to be used for 
the manufacture of resite artick's also re(|uires sp(‘eial j)lant, 
the main nec('ssity being that of eomj)leting th(‘ (jondensation 
j)rocess without giving too much opportunity for ])olymeriza- 
tion to occur. The ])lant must be designed in accordance with 
these recpiirements and with the vaiying com})osition of the 
jea(;tion mixtuies used for these ])urposes, and must b(* s(‘rved 
by skilled operative's, Tlie size of the batches is of sj)ecial 
importance' and must gen(*rally be k(‘pt very small. 

Proposals have* ree'cntly been made to manufacture' rese)le 
products ftv a contimienis ])re)ce\ss.i by ])assing the rea(^tie)n 
mixture thremgh a heating appliance anel them dehydrating by 
special methods. Especially favouiable results aie said te) be 
attained by maintaining a small pe)rtion e)nly of the reactie)n 
mass in ccmtact with a large surfae^' on which it is expe)seei to 
the heating action throughout a short interval. Roller-driers 
may, for example, be used. In consequemce of the gi*e'ate'r ease 

^ C. Kulas, fJ. Scheibor, Gernmn Pat. 430,779 (1924) ; Farbc und Lark (1927), 
126; British Pat. 230,801 ; Fronch Vat 594,9*12 ; Swiss l»at. 110,100; O. (1927), 
I, 629; C. Kulas, U.S. Pat. 1,009,831; C. (1928), JI, 1392; BakeliteCorp., 
U.S. Pat. 1,660,403; C. (1928), II, 814. 
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with which divstillation is effected, the process is characterized 
by the fact that impure raw materials, such as low tempera- 
ture tar, may be used, without interference with the pro- 
duction of odourless, water-free, hard resoles of high melting 
point. ^ 

Jt should be noted that it is necessary for economic opera- 
tion that the condensed water from the distillates, the wash 
water, and the cooling water should be rationally dealt with,*^ 
and that the design of the plant must comply with these 
necessities. 

Properties of Resoles. The hardening j)henol-formaldehyde 
resins, or resoles, are used in considerable quantities. They are 
sold under various registered trade names, such as Bakelite A, 
Resinite, Rcdmanol, Sipilite, Condensite, Amberite, Faturan, 
Phenoform, Nuloid, Amberdeen, Formite, Tssolith, Koi)an, 
hardening Albertols, and so forth, some of tlu'se being obtain- 
able in more than one quality.^ Most of them are brownish 
yellow to dark brown liquid or solid transparent products, and 
are completely soluble in alcohol, butyl alcohol, amyl alcohol, 
glycerine, phenols, ether, acetone, esters, and sodium hydroxide 
solution, but are insoluble in benzene hydrocarbons, turpentine 
oil, fatty oils, and so forth. They generally possess a slight 
odour of phenol, due to the presence of very small amounts of 
that substance.^ The presence of free formaldehyde is also 
sometimes notic(‘able. 

The solid phenol-formaldeliyde resins resemble colophony in 
appearance. Their melting and softening points usually lie 
between 50° and 70° C. Their specific gravity varies from about 
1-18 to 1-19, On storage the resole resins maintaiir their solu- 
bility throughout a considerable period, but ripening processes 
occur which are associated with a rise of melting point to 
80° C., or even to 90° C. Sometimes, the originally clear pro- 
ducts develop cluster-like turbidities which are due to the 

^ On fnrtlior proposals for iininweinont of plant, see Cie. Fran^aise pour 
TExploitation dos Prooodos Tlioinson- Houston, Froneh Pat. 588,266 (1924); 
C. (1926), II, 1475; KunstsL, 16, 255 (1926); A.E.O., Herman Pat. 459,310. 

* E.g. see E. Cllaser, Austrian Pat. 106,018; C. (1927), II, 1402. 

® On German and non -German trade •names, see Kunetst., 15, 116 (1925). 

• Latterly Resolo qualities, for example, “ Bak(‘lite A,” have been placed 
on the market, \^hicli are fiTie from odour. 
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colloidal separation of water, due to continued condensation. 
The utility of the resins is not impaired by such changes. 

The liquid phenol-formaldehyde resins represent products 
which are less completely condensed, of a specific gravity of 
about 1*14 to 1-20. On standing for a prolonged period, for 
example for some months, and particularly if kept warm, they 



Fi(i. <) 

show a tendency to thicken, accompanied by the separation of 
an aqueous layer at the surface, a process which is to be 
ascribed both to syncretic phenomena in the system resin- 
water, and to continued condensation. This change can be con- 
siderably retarded or even j)j*evented by thd addition of small 
amounts of spirit. 

The hardening resins are also sold in the form of highly 
concentrated solutions, of various strengths, in spirit, as spirit 
varnishes or varnish oil substitutes. 
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The commercial products are usually completely free from 
those impurities which are ordinarily present in most natural 
resins. The ash content is usually negligible, being 0-1 per cent 
or less. (See page 390.) The exact character of the hardening 
quality is, of course, important, including the velocity and 
general course of the hardening juocess. A decision on the 
value of a samj)te must be based partly on the velocity of 
hardening, which must be suited to the intended application, 
and should not necessarily be very high, and also on the yield 
of hardened product and on its properties. (On valuation see 
page 393.) 

" For many applications the course of the hardening process 
is decisive ; for some purposes, such as hot pressure moulding, 
resins with a high initial hardening velocity are to be j)ref erred, 
whilst for other applications, such as the impregnation of paper 
for insulating wrappings, products arc required, in which the 
hardening process is n^tardcnl. but wliich can ultimately be 
haj'dened to the same extent. The course of hardening in two 
products ooiTes])onding to these differing requirements is shown 
in the curves of Fig. G.i 

With regard to the chemical nature of re‘Soles wo refer the 
reader to pages 142 ei seq. 

APFLK^ATION OF RESOLES TO THE PRODUOTION 
OF HARDENED PHENOL-FORMALDEHYDE 
PROJ)ITCTS 

l^or the production of resite articles, other substances are 
used ill addition to the commercial products referred to in the 
preceding section. Thus, for the production of substitutes for 
amber and other similar products, phenol-formaldehyde resins 
are employed which consist of intermediate products which do 
not keep well and which are capable of being intensively 

^ 'Dieso fiirvi»8 aro based on exiM*riinents by tliti antbors. Botli resins 
were propaixul from 10\)artK of cnide rresol and () parts of formaldehyde. 
'Pho e.ondt'fising ajj^ent used for Kesin 1 was ammonia. Rosin 2 was prepared 
by first condensing a portion of tlie rresol and of the formaldehyde with acid, 
then adding the remainder of the eresol and formaldehyde and completing 
the condensation with ammonia.* Harckming was effected at 120® C. and at 
140® C. The portion of the resin which had become insoluble was detennined 
as the residue on extraction w ith a mixture of alcohol and acetone. 
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hardened; these are not marketed as such, but are supplied 
by the producing firms to fancy ware manufacturers, and so 
forth, in the form of hardened, insoluble and infusible masses 
in blocks or rods or in the form of rough castings. 

The proposal has frequently been made to endow phenol- 
formaldehyde resins, or phenol-aldehyde resins in general, 
which have little or no luir<k‘iiing propertiesr with hardening 
properties, or improved hardening properties by tht^ addition 
of formaldehyde, preferably in the polymerized condition, or 
of hexamethylenc-tctraniine or similar reactive substances.^ 
Such a process was already described by Luft^ in the form of 
the information that by the addition of glyceriiu% which had 
been saturated witli formaldehyde va])our, a gn^atei* hardness 
of a hardening phenol -foi’inaldehyde product could be achieved, 
or in other words, that a more rapid and intensive course of 
the hardening process could be attained. Among others, the 
following additions of this (diaracter have been pr()j)osed : ])oly- 
mers of formald(‘hyd(*, methylene-amines, more (‘specially hexa- 
methylene-t(‘tramine, anliydroformaldehy de-aniline, hexame- 
thylene-triphenol,^ mcth\ kme chlorides, m(‘thylal and methyl- 
ene acetate ; otlier substances w hich have also be(‘n proposed 
are concentrated solutions of j)olymorized formaldehydes in 
cresol.^ 


’ Aylsworth, ({(‘nriaii J’at. ,'{U7,S!)2 (llOl); Vrdl. Xllf, (Ml); I’.S. Pat. 
1,02U,51),S; Prcii(]i Pat. 4H,UI7; KtntftUf., 2, .455 (P.)I2); P.S. Pat. I ,()4(i,42() ; 
British Pats. 441)()-8 (IDJl); P.S. Pal. 1,047,484; Bntislj l‘at. 20,02!) (1911); 
U.S. Pat. 1,090,441) ; Krtaich Cat. 40.4,192; Knoll & Vo.. Frinic!h Pats. 14,940-1, 
additions to 497,051; 7, 417 (1911); British Pat. 0,440 (1911); 

KumUt., 2. 410 (1912); Bolgian Pat. 204,81 1 ; Baok(‘land, U.S. Pat. 1,048,475 
( Phenol alcohols ) ; Kunsttif., 3, 51 (1914); Austrian Pat. 50,950; S\mss Pat. 
50,960; IT.S. iHts. 1,210,205 0, 1,217,115; Kuustat., 7. 201 (1917); Voml iisito 
Co., XT.S. Pat. 1,115,700; KtmffM., .5, 154 (1915); Avlsworth, (\>ndonsilc (V)., 
U.S. Pat. 1,147,474; ICiotstHl.. 5, 187 (1915); McCoy, U.S. Pat., 1,209,027; 
Baekeland, U.S. Pat. I., 4.54,154; KunaM.. 11. 144 (1921); licdniaTj, Weilh, 
Brock, U.S. Pat. 1,4.58,494 (1919); (\ (1921), II, 170; British Pat. 174,050; 
Knnatat.. 12. 142 (1922); U.S. Pat. 1,449,1.44; Kumtat.. 10. 107 (1920); Red- 
nan, ChoothaiQ, U.S. Pat. 1,551,428; KIJis-Foator ('o., (\ Kllis, U.S. T*at. 
1,579,190; Scldoii Co., C. Conover, U.S. J*at. 1,592.042 (Plitliallic ester as 
Jiardcning agent). 

“ Gorman Pat. 110,552 (1902). 

3 L. H. IWkcland, U.S. Pat. 1,354,154 ( 1920). 

*■ Chem. Fabr., Dr. Kurt Albert, (Jarman vpat. Apjihcaiion C, 29,929, 49b 
vorn 7th December, 1920; on jiroduction of the solutions see German Pat. 
Application C, 27,625, IV, 12q. 
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The production of hardened products by treatment of less 
reactive phenol-formaldehyde resins of the Novolak or Salire- 
tine type with hardening agents offers certain advantages over 
the use of resins which themselves possess sufficient harden- 
ing properties. In the first place, the fact must be emphasized 
that the manufacture of Novolak or Saliretiue resins can be 
carried out withdut any difficulty, and more especially without 
any risk of the production of premature insolubility, which 
exists in the manufacture of hardening resin. Moreover, in the 
production of such products condensation can be carried to 
practical completion, so that the raw" materials, especially the 
formaldehyde, can be utilized practically completely. Further, 
on account of their stable character, such Tcsins can easily be 
produced free from impurities, such as free phenols, condens- 
ing agents, and so forth. Owing to their non-hardening char- 
acter they may be stored for an ind(‘finite period without dan- 
ger of any loss of solubility. The admi.xture with the hardening 
agent can be undertaken in many ways and at any desired 
time, for example, by dry mixing or by joint solution in spirit 
immediately before use, but such solutions arc g(‘nerally not 
very stable on kee])ing. An advantage of considerable value 
consists in tlie simplicity of the procedme and the possibility 
of exact adjustment of the hardening agent, by which means 
the results cfni be varied at will. 

On the other hand, the high price of such hardening agents 
as hexamethylenc-tetrarnine must be taken into account, and 
also the circumstance that the condensation is in part effected 
at a later stage than usual, with the j)roduction of consider- 
able amounts of volatile substances, such a-s water,, ammonia, 
and so forth. From the last stand j)oiiit tlie use of anhydro- 
formaldehyde-aniline is of great interest, as it yields no gases 
or easily volatile products during the hardening process, which 
is a matter of great importance for certain a})plications. 

The part played by anhydi'oformaldehyde-aniline and similar 
substances as hardening agents was investigated by Baekeland.^ 

' U.S. Pat. 1,217,115; seo also l,2U),2t)5; soo also (loldsiiiith, IT.S. Pat. 
l,168,62«, 1,188,439, 1,228,428; KumUt., 6 , 174, 282 (1916); 7, 323 (1917); 
9, 1.37 (1919). 
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Naturally, the proportion of anhydroformaldehyde-aniline to 
Novolak has a considerable influence on the nature of the ulti- 
mate product. Mixtures containing not more than 20 parts by 
weight of anhydroformaldehyde-aniline per J 00 parts by weight 
of fusible phenol-formaldehyde resin of the Novolak type, are 
still permanently fusible, even after heating for an indefinite 
period. A larger addition of anhydroformaldehyde-aniline, up 
to 200 parts by weight per 100 parts by weight of Novolak 
resin, yields products which become infusible on heating for 
some time, for example, to 160"^ C. These deep brown products 
are hardest when a proportion of about 110 to 130 parts of 
anhydroformaldehyde-aniline is used per 100 parts of Novolak 
resin. A larger addition causes increased plasticity at high 
temperatures. The resistance of the infusible products to chem- 
ical agents, such as alcohol, acetone, dilute caustic alkalies, and 
so forth, increases as the proportion of anhydroformaldehyde- 
aniline is increased. 

The various phenol-formaldehyde products of Resole type 
are usually hardenf;d by heating. The hardening process may 
be favourably influenced by certain other measures. Thus, the 
time of hardening (duration of heating) is considerably reduced 
in the presence of acids or of substances whi(;h are capable of 
liberating acids, such as acid chlorides, sulphuric acid esters, 
aluminium chloride, and so forth, or of acid salts ; for this pur- 
pose the added acid may conveniently be dissolved in alcohol 
or glycerine.^ The following substances arc stated to act in a 
similar manner: ferric chloride, ^ ethyl sulphuric acid,^ reducing 
agents (H 2 P() 2 ) together with glycerine and a small amount of 
mineral acid,^ glycerine esters, such as glycerine malonate and 


1 Knoll & Co., (Jerman Pat. 214,194 (1908); C. (1909), II, i;i98; Gorman 
Pat. 222,543 (1908); C. (1910), If, 124; U.S. Pat. 905,823 (H. Lebach); 
KunstsL, 2, 10 (1912); Swiss Pal. 45,913; Austrian Pat. 45,474; British Pat. 
27,096 (1908); French Pat. 397,051; soo also Bruhat, British Pat. 129,993 
(1919); 156,675 (1921); C. (1921), II, 808; KumtsL, 11, 174 (1921); see also 
Eilertson, British Pat. 165,758. ,« 

a Stockhausen, Gruhl, British Pat. 14,481 (1913); U.S. Pat. ,1,160,642 
(1916); Fronch Pal. 460,675; Swiss Pat. 66,613; Belgian Pat. 261,327; 
Kunatat, 4, 97, 379 (1914); 5, 56, 274 (1915). 

3J. Filhol, British Pat. 147.173 (1920); (J. (1922), IV, 380; Kunatat., 12, 
133 (1922); U.S. Pat. 1,506,382. ' 

* Lorival Manuf. Co., British Pat. 184,96 ) ; C. (1923), IV, 670. 

22 — (5647) 
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SO forth, 1 acid or basic metallic salts, such as copper sulphate 
or zinc chloride, and hydroxides, such as aluminium hydroxide.^ 
It is also known that exceptionally hard and resistant end- 
products are obtained in the presence of strong alkalies, such 
as sodium and potassium hydroxides, which are stated to accel- 
erate the hardening process also. The removal of the water 
formed in the Ifardening process by substances which unite 
with it,^ or which interact with it, such as metallic carbides, 
nitrides, cyanamides, silicides or phosphides has also been 
proposed.'* 

The technical application of the hardening process is rendered 
particularly difficult by the fact that unless the temperature is 
raised with great care, blisters are easily formed. This difficulty 
constituted such an objection to the use of the hardening phenol- 
formaldehyde resins, that their successful technical application 
did not occur until Baekeland succeeded in overcoming it.® 
This advance was achieved by him by the simultaneous applica- 
tion of heat and pressure, to which the material was exposed 
until it became hard, infusible, and insoluble.® The hardening 
process is carried out in heated moulds, or in so-called ‘‘ Bake- 
lisers,’’’ (See Fig. 7.) It was found later that by the use of 
suitable materials, end-products of high quality can also be 
obtained without the process just described, the hardening pro- 
cess being effected by careful heating only, without the applica- 
tion of pressure. For details see pages 339-340. 

The resin which has been tjansformed into the final state, 
or hardened, by prolonged heating at 140° C. or more, and which 


1 ,r. Bruliai, Fronoli Put. 575,532 (1923); C. (1926), II, 1596. 

2 Sato, .lapanoso l*at . 39,320 (1921); Baekeland had ))reyioiJsly recom- 
mended the addition of zinc chloride, other metallic chlorides, acids or salts, 
for accelerating the hard(*ning procc'ss, U.S. Pat. 942,699 (1907). 

* Aylsworth, U.S. Pat. 1,102,630, phthallic anhydride, etc.; substances 
which are also capaVile of combining with ammonia; Allgem. Elektrizitatsges, 
German Pat. 271,825 (1911), gypsum, Portland cement, etc. 

^ Vickers, Ltd., Joco Kubber &. Waterproofing Co., W. H. Nuttall, British 
Patent 154,656 (1919^; C. (1921), IT, 451. 

® Leo Mendrik Baekeland, Life and Work, see J. Ind. Chem.f 8, 176; 
Kunatst.y 6, 241 (1910). 

« L. H. Baekeland, German Pat. 23,3,803 (1908); C. (1911), I, 1391 ; British 
Pat. 1,921 (1908); U.S. Pats. V‘39,966^ 942,699; French Pat. 386,627; Swiss 
Pat., 45,487; 45,785, 51,815. 

^ By kind permission of the Bakolite G.m.b.H., Chari ottenburg-Erkner. 
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is known as resite, ^ may be either transparent, translucent, or 
opaque, and possesses a considerable degree of hardness; its 
specific gravity is about 1*25; it is insoluble in the ordinary 
solvents, and extremely lesistant to chemical substances, such 
as oil, dilute acids, salt solutions, chlorine, hydrofluoric acid, 
steam, and so forth. It is attacked, to a verj^ limited extent, 
by phenols, acetone, and pyridine. It is attacked more or less 
severely by oxidizing agents, such as nitric acid, chromic acid, 



hot concentrated sulphuric acid, bromine iodine, and sub- 
stances of alkaline reaction. ^ The n^site mass is an excellent 
insulator of both heat and electricity, and is also distinguished 
by a high degree of resistance to mechanical influences, such 
as impact, friction, pressure, and so forth, and also against 
heat, moisture, and similar influences. On heating it does not 
melt, but 9t most softens slightly, and decomposes at tem- 
peratures exceeding 300° C.^ The smell of phenol which occa- 
sionally clings to the unhardened resin is completely removed 
by the hardening process. 

* The approximate composition is given by B. Casselmann, Chem. Age 
(192.3), U^;Kun8i8L, 14, 8 (1924), as C, 7,‘5-4%; H, 5-9%; and O, f8-7%. 

^Lebach, Angew., 38, 1092 (1926); G. S. Petroff, Kunstat., 16, 261 (1926); 
17, 65 (1927). 

* On the effect of agoing, see E. Casselmann, (Jhetn. Age (1923), 443; 
Kunetat., 14, 8 (1924); G. (1924), I, 517, 2309; Trans. Amer. Electr. Soc , 44, 
163 (1923). 
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The change of electrical properties induced by hardening is 
of special interest. By experiments with a ‘‘ pui’e Bakelite/* 
Mannel showed^ that the resistance increases with rising tem- 
perature, so that on heating to 204° C. the conductivity is 
reduced by 40 per cent of the original value. The electrical 
properties alter djiring hardening (Bakelization) as follows — 


Duration of Heat 
Treatment (at 
105° C.)in hours 

1 Di(4ec,tric 
(Constant 

Resistance. 

Ohms per sq. cm. 

Breakdown 
Resistance. 
Volts 0*05 mm. 

0 

16-6 

17-2 X 10“ 

1,450 

0-5 

3-8 

2-7 X 10»» 

1,700 

1 

.3*8 

4*3 X 101^ 

1,950 

1-5 

.3*8 


2,000 

2 

4-0 

2 X 10'® 

2,100 

3 

3*8 

2 X 101* 

3,100 

4 

4*9 

2 X IQi* 

3,520 

6 

5*5 

1 

2 X 101* 

3,520 


According to the observations of Stager, ^ the surface resis- 
tance is also essentially dependent on the degree of hardening 
of the resin, as in certain of the earlier stages tliin surface 
layers of material which absorbs water are present, which 
increase the surface conductivity. Thus, on immersing in 
water for 24 hours, and treating in the manner prescribed by 
the VDE (Association of German Electrical Engineers), Stager 
found the following decreases in the surface resistance — 

Sample subinitied — After 24 hours immersion in mater — 

(1) (>,788,01)0 lufigohms })or s<(. cm. .36,300 megohms per sq. cm. 

(2) 37,340,000 „ „ „ 266,100 

In the finally hardened condition the electrical properties of 
the resin are subject to relatively slight changes only, and are 
very much less affected by temperature changes. A thermal 


' Arch, f. Elektroteci'., 12, 497 (1924). 

® Soo tUo Beet ion on the colloid chemisiry of insulating materials in Liese- 
gang’s Kolloidchemische Technologic^ Dresden and Leipzig (1926), p. 299. 
The V.D.E. regulations will be found in Vorschriftenbnch des V.D.E.^ Springer, 
(1926); see also V.D.E. Bulle^jns 315, 318. and 318a, reproduced in the 
Apptmdix of this volume. On tlie velocity of absorption of water by Kesito 
(Bakelite) products, see H. O. Leopold, J. Johnsston, Joum. phys. Chem., 32, , 
876; C. (1.28), £1, 1722. 
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after-treatment of the products has, therefore, been found to 
be especially advantageoua.i 

The most obvious application for hardening resins is for the 
production of castings, for which purpose they are mixed with 
pigmenting or elastifying substances only; but their main 
application is as binders, adhesives, and impregnating agents, 
more especially for the production of electrical appliances. 
They are also used as varnishes, and so forth. There are also 
numerous other applications which can only be referred to 
briefly in the following description. 

Finally, certain processes’ for the solution or regeneration 
of hardened phenol-formaldehyde resins and waste are of 
interest.^ 

Production of Castings.^ The first requirement for the pro- 
duction of castings is a supply of resole products which can 
be satisfactorily converted into resites, without any tendency 
to the formation of air- bubbles or cracks or subsequent shrink- 
age. These arc usually produced by condensing crystallized 
phenol with an excess of formaldehyde, and evaporating the 
liquid primary resin so produced, in comparatively small 
batches, to a consistency which still just permits it to be poured 
into moulds. This is generally impossible without the addition 
of suitable substances such as glycerine.^ Other additions may 


1 Bakelito Cor., U.S. Pat. 1,602,249; Canadian Pat. 265,674; British Pat. 
275,01 1 ; French Pat. 620,144; Swiss Pat. 123,045; C. (1928), 11, 295. 

* Aylsworth, Gorman Pat. 258,250 (1911); C7. (1913), I, 1481; U.S. Pat. 

1,027,794, 1,029,737; British Pat. 3,497-8 (1911); French Pat. 436,192; 
Heating witli phenols or witli phenols and naphthalene under pressure ; 
C. Kulas, C. Pauling, Gorman Pat. 412,170 (1923); C. (1925), II, .355; 
Gelatinization hy heating with phenols; K. Albert and L. Berend, British 
Pat. 15,875 (1914); Austrian Pat. 84,475 (1916); C. (1921), IV, 714; German 
Pat. Application C, 30,325, Cl. 12q (2lHt Juno, 1921); Relating with consider- 
able quantities of naturtil resins, such as colophony, or with cumarone resin, 
with or without the presence of acids or acid salts as accelerating catalysts; 
see also H. Buchoror, German Pat. 391,072; G, (1924), I, 2744; German Pat. 
399,677; C. (1924), 11, 1520 ; German Pat. 400,639; C. (1925), I, 309; Gorman 
Pat. 456,820; C. (1928), 1, 3002; Heating resites wjth natural resins and 
fatty acids of high molecular weight with formation of est/ors soluble in 
organic solvents, excepting alcohol. * 

* On the production of a porous resito whicJi is easily subdivided, see 
Aylsworth, U.S. Pat. 1,092,512; KuneM.. 4, 346 (1914). 

* O. Gamber, Die drechselbare KuriMharze and Leipzig (1926). 

® On a method of operation with the use of a large amount of glycerine, 
see Carbaloid Protlucts Cor., U.S. Pat. 1,668,446; C. (1928)^11. 190. 
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also be made for obtaining special effects ; these consist of 
colouring materials, or solutions of these in glycerine, phenol, 
and so forth, and also of products which improve the trans- 
parency of the ultimate products, or improve their properties 
as substitutes for ivory, tortoise-shell, and so forth, by the 
production of cloudy, turbid, opaque, and other effects. Thus, 
Story^ claimed the production of opaque substances resembling 
ivory or bone by the addition of small amounts of fatty oils 
The same effect is produced by small amounts of metallic salts. 
Similar effects are also produced by small amounts of turpentine 
oil, glycerine, vaseline, ^ phosphoric acid® (white translucent 
masses), and other substances.** Mottled coloured masses may 
be obtained by the addition to the product to be hardened of 
phenol-formaldehyde resin which has already been hardened 
and afterwards been subdivided.^ Turbidity or a white colora- 
tion sometimes occurs in the course of the hardening process 
in consequence of the separation of finely distributed water.® 
Special effects can be produced by the addition of mica, bronze 
powder, or fish scales. It is also stated that pale colour, fast- 
ness to light, and a better degree of transparency are attained 
by the addition of certain substances.® 


British Pat. 8,875 (1905); Gorman Pat. 173,990. 

Van Voorhout, IT.S. i>at. 1,271,392-3; Fronch Pat. 483,417 (1917). 
HJiJortson, Fronch Pat, 478,884 (1914); KanstHt., 8, 4(5 (1918), 

On tht^ addition of collodial sohitions which are themaelvcvH white or 
which separate white boditw on ^-oagulation, such as tlioriiim liydroxide, 
zirconium hydroxide or milk, st>e J Kroidl, Austrian Pat. 98,387 (1922); 

C. (1925), 1, 2202. 

® Anglo-Oestorreichischo Bank, Austrian Pat. 95,805 (1921); Kunatst., 16, 
184 (1925); C. (1925), 1, 2472. 

® In such cases the addition of citric acid has a favoural^e effect ; see 

D. A. Spencer and H. I). Murray, J. Soc, chnn. hid., 4G, 637 (1927). On the 
effect of a higlily specializt'd method, according to which the water is 
caused to separate in a higlily dispersed form, tlie diameter of the drops 
being 0*3 to 0*5//, see F. Poliak, G.m.b.H., Frencli Pat. 630,086; G. (1928), 
II, 816. 

Phosphoric and boric acids and their salts. Ainalith Chem. Ind. G.m.b.H., 
L. Deutsch, J. Thom, Swiss Pat. 107,627 (1923) ; British Pat. 207,792 (1923); 
French Pat. 573,150 (1923); C. (1925), II, 364. 

® AromaHc carboxylic acid and their salts. Arnalitli Chem. Ind. Ges. m.b.H., 
L. Deutsch, J. Thom, Swiss Pat. 107,628 (1923); British Pat. 207,791 (1923); 
French Pat. 573,148 (1923); (\, II, 354; on the addition of methylainines, see 
Hasan Kunstharzerz Gos.m.b.IdT., Austrian Pat. 102,677 (1921); C. (1926), 
II. 1476; J. Poliak, E. Mohring, U.S. Pat. 1,475,446 (1923); French Pat. 
668,507 (1922); Q. (1926), 11, 1477; Kunstat., 16, 264 (1926). 
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Otherwise, transparent products resembling amber are the 
most important ; they can be obtained, of the desired amber 
shade, by hardening certain phenol-formaldehyde products 
which themselves possess the proper colour, but can also 
be produced in ruby, emerald, and other shades by colouring 
with aniline dyestuffs,^ soot,^ and so forth.^ The colour 
of the phenols employed as raw materials is of considerable 
elfect on the colour of the product, and this may lead to 
the necessity of distilling the phenols before use. Trans- 
parency is often ensured by the addition of small amounts of 
solvents. 

The finished resole composition is poured into moulds of 
glass, metal, and so forth, whilst still warrn.^ and is then 
hardened by careful heating to 80-100° (1 According to the 
patented process of Baekeland, the hardening process may also 
be carried out at higher temperatures by simultaneously apply- 
ing pressure, in so-called Bakelisers (see Fig. 7), by which 
means the duration of the process is considerably decreased. 
The hardening j)rocess is accompanied by the difficulty that 
the products are easily discoloured through oxidation. When 
hardening in the bakeliser this disadvantage can easily be 
avoided by the use of inert gases. ^ 

Many proposals have been made with regard to the char- 
acter of the moulds, especially for the j)roduction of hollow 
bodies. Thus, Poliak recommends the use of a hot mould, 


' Story, Ot'rnian Pat. J 71^,900, tho additiou of .small amounts of 

naphlhaloiio, tannic acid, and so fortli. 

^ Story, (Jorman Pat, IT.'l.DiH); pitcli may also bo uso.d. According to 
D. A. Sponc^r and H, D. Murray, J. tSoc. vhem. Ind., 40, 037 (1927), black 
colorations can with groat aflvantagc^ b(< producod by tlio addition of 
ammonium vanadate, or of a mixture of vanadium oxide and manganese 
dioxivie. 

* On a special motbod of coloration or of applying designs, see Riitgers- 
werke A. G., G(‘rrnan Pat, 245,148; Austrian Pat. 52,507; KunstsL, 2, 194 
(1912). 

* On forcing gelatinous masses into the moulds, E. Kodlhaimnor and 
Sohne, French Pat. 039, .3.31 ; G. (1928), 11, 2072. 

® On storage of tlie finished products in containers filled with inert gases, 
see Redman, W(uth, Brock, U.S. Pat. 1,345,095. Hardening in an inert 
atmosphere was also proposed by 8tory, Oe|;man Pat. 173,990, as also harden- 
ing under oil; see also L. Deutsch, .b Thom, and Amalith G.m.b.H., British 
Pat. 207,790. 

* See also Bakolite Gos.m.b.H., Gorman Pat. 441,022 (1925). 
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which revolves about its axis.i xhe proposal has also been 
made to form the cores of the moulds of low melting alloys, * 
or to form part of the mould of sulphur.**^ The interesting 
suggestion has also been made to mould by centrifugal force,® 
and also the use of moulds open at both ends in order that the 
moulded body may easily be removed.® On a special method 
of heating under pressure by means of heated or molten metals, 
see E. Novotny.’ 

Products built up of layers of varied colours can be produced 
by pouring and hardening the various layers separately.® 
Mottled effects can be produced by suitable mixing. Articles 
can also be produced which consist partly of synthetic resin, 
and partly of ebonite or other material.® 

It is also stated that material free from air-bubbles can be 
obtained by compressing hardened phenol-formaldehyde resin 
powder or formaldehyde resin powder, which has previously 
been thoroughly dried for a prolonged period and so partially 
hardened.^® It is questionable whether the mechanical proper- 
ties of such masses would always prove satisfactory. 

The hardened phenol-formaldehyde products, which are 
known as plienoplasts,^^ ^re sold under various names and in 
innumerable varieties. Products of this type are known as 


1 British Pat. 14,490 (1915); K^instat., 7, 09 (1917); 15, 44 (1926). 

2 Aylsworth, U.S. Pat. 1,135,902; KunstaL, 9, 110 (1919); 14, 171 (1924); 
see also P. Pick, (lormaii Pat. 412,0.56 (1924); Rosan A.-CJ., Austrian Pat. 
108,680; C. (1028), I, 2016. 

2 R. Mannosinaim, Swiss Pat. 79,992; Kwiatat., 14, 171 (1924); Austrian 
Pat. 80,229; C, (1922), II, 880. 

4 See also P. Pick, Gorman Pat. 412,055 (1924); C. (1925), II, 356. 

® Vickers, Ltd., N. K. Dufty, British Pat. 136,862; Kunatst.^ 15, 
44 (1926). , 

* Amalith Chem. Ind.-Gcs. m.b.H., L, Dcutscli, J. Thom, German Pat. 
412,189 (1923); Kunatat., 16, 124 (1925); Austrian Pat. 97,787 (1922); Swiss 
Pat. 107,629 (1923); British Pat. 207,790 (1923); French Pat. 573,149 (1923); 
C. (1926), IT, 355. 

’ U.S. Pat. 1,377,517; KunaiaL, L5, 42 (1926). 

* Kaliolfahrik und l)rahtindustrie-A.-G., Austrian Pat. 94,210 (1921); 

KumtaL, 15. 184 (192^); C. (1925), I, 2471; also M. Hilfroich, U.S. Pat. 
1,668,690 (1928), IT, 190; Kurz-Kasch Co., H. N. Copeland, British Pat. 

269,252; C. (1928), 11, 1499; Imitation wood. 

» Dr. Heinrich Traun & Sohne, Crerraan Pat. 463,009; C, (1928), I, 978. 

E. Novotny, U.S. Pat. 1,398, f 49 ; 15, 62 (1925). 

See Products Protection Cor., F. S.*' Smith, U.S. Pat. 1,586,860 (1920); 
C (1920), II, 1207. 

O. Gam her, IHe dnchaelbaren Kunatharze, Vienna-Leipzig (1926). 
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Bakelite C,^ Juvelith,^ Faturan,^ Dekorite, Vigorite, Ambrasite, 
Amalith, Condensite, Resan, R-edmanol, Herolith, Ornalith, 
Marbolith, Elastolith, and so forth, and in various colours, such 
as “ amber, ‘‘ ruby,” “ emerald,” and so forth, and various 
other varieties, such as imitations of ivory, tortoise-shell, and 
horn. In addition, variously coloured, transparent, translucent, 
cloudy, opaque, uniformly coloured, banded or marbled masses 
are supplied for the various purposes of the fancy goods and turn- 
ing industries. The products are marketed in the form of rods, 
plates, and so forth, of various dimensions, also as rough cast- 
ings or mouldings, such as beakers, tubes, trays, vases, and so 
forth.® 

Such plastic masses have a specific gravity of 1*22 to 1*30, 
a high dielectric constant, high refractive index,® and good 
mechanical properties.'^ The products show the exceptional 
resistance to chemical influences and to heat, described on page 
331. Some of the materials become dielectric on being warmed 
or exposed to light, resembling amber in this respect. The 
better commercial qualities are also satisfactorily fast to light. 

Observations on the elastic properties of phenoplasts have 
been made by 0 . Manfred and J. Obrist.^^ On page 338 are 
given the average values of the modulus of elasticity [E), and 
of the maximum bending stress {^^nar)> were obtained from a 
large number of individual determinations on a large number of 

1 Seo Btujkoland, Chem.-Ztg. (1909), 317, 320, 347, 358; H. Lebach, Chem.- 
Ztg. (1013), 733. 

2 Seo KunsisL, 8, 261 (1918); F. Poliak, Chem.-ZUj,, 37, 1233; (K (1913) 
II, 1782; 45, 76 (1921). 

* See KuntitsL, 4, 279 (1914); 7, 287 (1917); this eontains analytical results. 

* On tlio investigations of amlx'r substitutes, seo Marciisson, Winterfold, 
Mitt. Materialprujun(f8-Amt., 30, 191 ; C. (1913), I, 68. 

* C. Plonait, Kunstst., 17, 275 (1927), givos specific gravities varying from 
1*26 to 1*27; see F. Poll*ak, Knuetst., 18, 61 (1928). 

* According to C. Plonait. C. (1928), 1, 2874, phenol -formaldehyde products 
show values of varying from 1*650 to 1*662; natural ambor shows a lesser 
value of n^, varying between 1*5388 and 1*5451; on the transmission of light 
by Bakelite plates, seo J. Risler, Compt. rend., 181, '^2 (1925); C. (1926), I, 
1065; for infra-red rays, see Kimpflin, idem, 178, l7()9; C. (1924), II, 584. 
Hardened papers were also test-od. 

^ The elasticity is nearly equal to that of ebonite ; the following breaking 
stresses were determined for Juvelith : compressional strength, 2,230 kg. per 
sq. cm. ; tensile strength, 6 kg. fwr ^?q. cm. ; bending strength, 250 kg. per 
sq. cm. 

« Kolloidztachr., 42, 174 (1927); Angew.y 41, 971 (1928). . 
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commercial samples, bars and plates being dealt with separately. 
On detailed investigation it was found that the character of 
the specimens was by no means homogeneous, and that, for 
example, determinations made at various points of the same 
bar gave relatively large variations of the elastic modulus.^ ^ 


t 


kg. 

per sq. cm. 

per sq. cm. 

Bakelite 

Bars 

— 



Juvelilh » 

l*Jat»‘K 

27. .500 

260 

Bars 

32,000 

400 

,, ... 

Plates 

36,000 

200 

Dekorite 

Bars 

— 


Vigorite 

Plates 

20,000 

375 

nHr.K 

- 


«« ... 

I Mates 

32,000 

150 

Arnbrasite . 

Bars 

31,000 


,, ... 

Plate's 



150 


The ease with which these products are worked, by boring, 
turning, grinding, carving, cutting, sawing, filing, and even by 
bending, and the high j)oli8h which they are able to take, have 
establisluMl tlunn as valuable materials for the turning indus- 
try, and so forth. Their resistance to heat makes them par- 
ticularly suitable for the ])roduction of smokers’ requisites. 
They are also used for ornaments, such as beads, necklaces, 
brooches, and so forth ; for buttons, stick and umbrella 
handles, stands, billiard balls, and writing requisites. (See 
summary on pages 362-4.) Idienoplasts are also used for 
objects exposed to s})ecial conditions, sindi as wheels which 
operate in the ju’csence of oil or moisture, bottles and measur- 
ing cylinders for hydrofluoric acid, and so forth.^ Products 
of exceptional moulding capacity luive also been p^-oposed for 
artificial dentures.^ 


^ On tho roRKon for this irrcgiilarity sec O. Manfroci and tl. Christ, loc. cit. ; 
in thi8 foniioctioii wo r<ifor tlio roador to tho mv(‘sti|^ations of K. Haiipi and 
M. Waclitlor, Kunstut., J5, 1 29 (1915), and of (). Manfred and J. Christ, 
Atigeu}., 39, 1293 (1920), which djail witii tho dotootioii of internal strains, etc., 
of artificial honi ])roqiu;ts from oasoin by moans of tho irregular double 
refraction so produced. 

2 The balls show oxtraonhnary t^lastioity, whioli is not imj)airod by climatic 
conditions; see H. Lebaeli, (livm. Ztq. (1913), 750. 

* Chem. MvL Kug., 33, (547 (1926). ’ 

* S. M. Kropman, Pli. Horowitz, Brifish Pat. 261,447; C. (1928), II, 296; 
S. A. Wilding. Amalgamated Dental Co., Ltd., Britisli Pat. 260,319; French 
Pat. 617,424; 0.^:1928), II, 295. 
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Resol^ as Binding Agents. The hardening phenol-formalde- 
hyde resins are largely used for the manufacture of press-mould- 
ings, for which purpose they are mixed with various fillers, 
both of granular and fibrous character. Such press-mouldings 
are used as valuable electrical insulating materials, especially 
after the binder has been converted into the insoluble and 
infusible form.^ Their hardness and resistance to heat and to 
chemicals, and especially to solvents, render them superior to 




many other materials, produced, for example, with bitumen, 
natural resins, and so forth. 

Mixtures for press-moulding are prepared by intimately mix- 
ing or kneading the resoles with the fillers, either in finely- 
divided form, or in the form of a spirit solution. After any 
solvent has been removed by warming, preferably in vacuo, 
the dry mass, after ])owdering if necessary, is pressed in heated 
hydraulic presses at IW-Mi)'' C. at high pressure (about 
150kg. per sq.cm.) in heated moulds of hardened, polished 
steel. (See Fig. 8.) According to Baek(dand’s process, ^ both 
temperature and pressure are maintained unaltered until the 
hardening process is completed ; this requires a few minutes 
only in the case of sifiall and thin-walled objects, whilst for large, 
heavy and thick objects the time is correspondingly lengthened. 

The combination of the moulding and hardening processes 
would lead to the occupation of the moulds for an impractically 

^See also Urbanus, Kimstat., 15, J«9, 209 (1925); Stado, AsphalU und 
Teerindustrie^Ztg., 25, S26, 840, 865. 887, 925, 944 (1925); C. (1926), I, 1001 ; 
W. Demuth, EUktrotechn. Zeitschr., ^7, 121/2 (1920); A. Biiltemann, Elek- 
trische iHolicrstoffe, insbesondvrc RakelUmaiertaL Loipzic (1921). 

a German Pat. 233,803 (1908); C. (1911), T, 1391; KunH^t., 1, 215 (1911). 
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long time if resins were employed which hardened slowly, or 
if a low hardening temperature had to be employed on account 
of the nature of the filling material, for example, when sawdust 
is used as a filler. Occasionally, therefore, the hardening pro- 
cess is not entirely effected in the mould, in which it is allowed 
to i>roceed only until a condition of slight plasticity is attained 
whilst hot, after which the objects are completely hardened in 
the bakelizer in a suitable manner with slow rise of tempera- 
ture. The temperature regulation must be even more careful 
if the final hardening is effected by heat alone, without pres- 
sure. According to another process the objects are merely 
moulded in the press whilst hot, and the actual hardening pro- 
cess is effected by subsequent heating at the ordinary pressure, 
with gi adual rise of temperature until the process is completed.^ 
The products so obtained are inferior to those hardened by 
simultaneous heat and pressure, as they do not show the same 
high polish, and have, therefore, to be subsequently varnished 
or polished in order to improve their appearance; for large 
objects, on the other hand, separate moulding and hardening 
offers advantages, as this procedure ensures that the objects 
are thoroughly hardened throughout, without the formation 
of an impermeable skin of rosite, which may give rise to 
internal stresses in consequence of subsequent shrinkage. ^ 
Other processes than those already mentioned have been 
proposed. Thus, E. Hemming^ recommends cold moulding, 
using a mixture which contains liquid resole resins. The mould- 
ings require excej)tionally high pressures, but it is alleged that 
the dehydration, which necessarily precedes the actual harden- 
ing process, can be effected without impairing the^ soundness 
of the mouldings. After this drying operation, which must be 
effected at a suitable low temperature, the kctual hardening of 


1 C. Kulas, C. Pauling, German Pat. 429,033 (1921) ; Ktinaiat. 16, 206 (1926) ; 
C. (1926), IT, 667; Fnmcli Pat. 547,460; G. (1923), IV, 641; British Pat. 
203,733 ; Kunatst.^ 16, l56 (1926) ; Rodmanol-Gosellschaft, British Pat. 146,169. 

* On the^nonlding of previously hnrtlened material, see Baekeland, German 
Pat. 237,790 (1908); Kunatat., 1, 437 (1911); U.S. Pat. 939,966; Kunatat., 
1, 216 (1910); U.S. Pat. 942,700, 1,259,472-3; Austrian Pat. 49,009 ; 

1, 417 (1911); Swiss Pat. 51,816--M; KuMat., 2, 77 (1912). 

* U.S. Pat. 1,125,906 (19i5); see also W. Petersen, E. V. Clark, British 

Pat. 179,686. . 
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the binder is carried out by slowly raising the temperature, but 
at the ordinary pressure. 

According to another jirocess, mixtures of a dry and powdery 
character are press-moulded in the cold, with the addition of 
a dry lubricant, such as talc, soapstone, or similar material, 
immediately before moulding.^ Kesin products especially suit- 
able for cold moulding have been described. 2 It certainly 
appears very questionable whether objects i)repared in one 
way or another by cold moulding can be produced of the same 
high quality as those obtained by hot moulding and hardened 
with or without pressure. 

The most important filler is wood meal, but fibrous and pow- 
dered materials, such as asbestos (for heat-resisting products),® 
china clay, graphite, ground wood, fibre dust, starch, paper 
pulp,^ mica, fine sand, gypsum, slate powder, metal powders, 
and so forth, are also used.^ Such materials arc used partly 
for economy and partly because they endow the products with 
greater hardness, strength, elasticity, or other useful qualities. 

1 C. Kulas, C. Paulin^?, Gorman J»al. 414,027 (1023); (\ (1025). U, 1673; 
Kunstst, 16, 106 (1926). 

^ C. Ellis, U.S. Pat. 1,045,003; (\ (I02H), IT, 815; a(l<litioni of wood oil or 
linseed oil with the fillers. 

® Aylsworth, Frencli l^it. 420,292; Kuuatst.n I, 437 (1011). 

* Peabody, U.S. Pat. 1,083,755 (1014); Baekeland, U.S. Pat. 1,106,302; 

I, 160,305; Kmtstst., 0, 51, 02, 74 (lOlO); U.S. Pat. 1,213,141 (1017); Jiichli, 
British Pat. 157,415 (1021); Weber, British Pat. 100,451 ; U. (1022), IT, 346. 

• In U.S. Pat. 042,600, Baekeland mentions the following lillors, which are 
copied from those iiscil in t)ie rubber industry: asbestos tibT*o, wood fibre, 
other fibrous or cellular materials, rubber, caenn, lamp black, mica, powdered 
minerals (such as zme oxide, barimn sulphat-o, etc.), jiigments, dycistuffs, 
nitrocclluhise, abrasives, lime, calcium, sulphate, graphite, Portland cement, 
powdered horn or bones, pumice, talc, starch, colophony, resins, gums, 
powdered slate, and so forth. The following have also been suggested ; 
cellulose fron?*corn cobs, Novotny, Kendall, U.S. Pat. 1,398,146; C. (1923), 

II, 764; hardened resito products, Aylsworth, U.S. Pat. 1,102,631 (1914); 
see British Pat. 6,405 (1'0]2); Ktmstst.f 3, 216, 417 (1013): masses resembling 
ivory and meerschaum can be obtained by adding a large [iroportion of 
magnesite, ROmmler, German Pat. 369,826 (ToiO) ; C\ (1923), II, 340 ; Kunstat., 
13, 44, 67 (1923); liydrocellulose or oxveelluloso : Petroff, German Pat. 
380,606 (1921); Frdl XIV, 1142; C. (1923), IV, 962; British Pat. 231,431 
(1926); U. (1925), IT, 872 ; extract of lignite or peat : H.' Plauson, Gennan Pat. 
876,743 (1914); (\ (1924), 1, 2849; powdered vulcanized fibre ;* Man f land, 
Gorman Pat. 401,377 (1923); calcium carbonate, followed by lactic acid, to 
which sodium thiosulphate may bo added: G. A. J..aeroux, French Pat. 
623,536 ; C. (1928), IT, 294 ; ivory eflesls by .the addition of lithopone, mottled 
effects with citric acid, and mother-of-pearl effects with calcium chloride; 
see 314 aeq. 
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They also counteract shrinkage and reduce internal strain. 
Obviously, the various fillings are of very varying effect in these 
respects, and special fillers or mixtures are therefore used for 
each purpose ; moreover, various proportions have to be main- 
tained between filler and binder, according to the circumstances. 

According to Baekeland,^ wood meal or fine sawdust is the 
best filler, but on account of its organic character it is some- 
what sensitive to high temperatures, at which the dielectric 
properties are greatly reduced owing to its decomposition; 
moreover, it is not fire-proof. On the other hand, asbestos, 
which offers advantages over wood meal, being a heat-resistant 
filler, has also certain disadvantages. It is a comparatively 
poor insulator, and the strength and elasticity of the mould- 
ings are not so high as when wood meal is used. Further 
disadvantages of the mouldings produced with asbestos are 
the rather high specific gravity, less satisfactory mechanical 
working properties (involving more wear of the tools) and com- 
paratively poor lustre. 

There is also a very definite difference between fibrous fillers 
and those of an amorphous or powdered character. The former 
only are capable of imparting to the phenol-formaldehyde pro- 
ducts, which are hard and solid but comparatively inelastic, 
the required elasticity and pliability, which aie necessary in 
order that the mouldings may withstand ordinary shock and 
bending stresses. Insulating press-mouldings ordinarily con- 
tain binder and both fibrous and powdered fillers ; the fibrous 
material, such as asbestos, wood-pulp, cotton waste, wood meal, 
and so forth, is added to improve the elastic properties, whilst 
the non-fibrous filler serves to make the mass heavier^or cheaper, 
and harder. 2 These general rules do not, of course, apply to 
masses containing resoles as binders only, but are of quite 
general application. 

Greasy substances, such as oils or waxes, are also added to 
prevent the moulding from sticking in the mould the 

> Chem,^Ztg. (1912), 1245. 

* See Sommorfeld, Anqnp., 40, 744 (1927). 

» Soo Stokos, U.S. Pat* 1,557,3J[8 KunstsL. 16, 75 (1926); C. (1926), 

I, 1301 ; masses especially well suited, tor cutting, boring, etc., are obtained 
by adding paraffin wax, mineral oil, and lanoline. 
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addition of 5 per cent of an organic carboxylic acid, such as 
lactic acid, has been recommended for the same purpose.^ The 
inner surface of the mould may also be suitably treated, for 
example, with olein. ^ 

We must now refer to various experiments in which the 
binder of resole character is mixed with substances which may 
themselves be considenxl either as binders or#tis fillers merely, 
such as bitumen,'^ pitches,^ and more especially rubber or 
ebonite.^ It is well known that by the addition of small 
amounts of haidening resins to bitunu^ns or j)itc)if\s the melting 
point of these materials can be greatly raised, and this fact is 
utilized for the production of press-mouldings. 

For colouring the mass, black, brown or other coloured 
aniline dyestuffs are generally used, but sometimes pigments 
such as ivory black, iron oxides, or manganese dioxide.** 

The fillers must be well mixed w'ith the binder before press- 
ing, and the latter must be able to flow to some extent in 
order thoroughly to impregnate tlie partially poious filler, 
as satisfactory mouldings can only be obtained in this 

J PetorBen. E. (lark. Entisli Pat. 179,58r» (1921); C. (1922), IV, 894; 
Kunslsf., 12, 105 (1922). 

“ On dusting with metallic snaps, st*o Ellis-Fostor Co., H. M. Wol)t‘r, U.S. 
Pat. 1,588,410 (1924); ('. (J92()), J, 1729; on dusting with hardening ivsin, in 
order to obtain (isjK'fially lustrous surfaees, si'o Bat'kidnnd, U.S. Pat. 999,966; 
the mouldings may also bo coated with resole varnish. 

3 L. Kirsclibraun, British Pat. 188,912 (1921); Kunstst., 14, 186 (1924). 

^ Favolle, Fr(‘neh Pat. 941,919 (1994); Barringer, U.S. Pat. 1,991,621; 
KunstffL, 4, 250 (1914); see also Cutk'r-Hamnu'r Manuf. C’o., U.S. J*at. 
1,574.842 (1922); (\ (1920), TI, 119; Stearino pitch; Plausons Forschungs- 
inst., (ierman Pat. 954,599 (1919), acal tar, etc. 

® Aylsworth, Rritish Pat. 24,121 (1911); Kiatstst., 9, 96 0919); 4, 98 (1914); 
French Pat. 495,944; U.S. Pat. 1,111,284 (1914); 1,992,511 ( 1 914 ); Baekeland, 
U.S. Pat. 1,2^9.092 (1916); Kntistst.., 7, 68 (1917); Benjamin, U.S. J*at. 
1,409,275 6 7 (1922); 1,499,962; Speedy, Ooneh, British Pat. 171,899 (1920); 
Kumtsl., 19, 9 (1929);^ Wiechmann, U.S. Pat. 1,967,855 6 (1919) (other 
additions); KuusM., 9, 477 (1919); (Irumvald, Austrian I’at. 89,275 (1915); 
Kunstst., 12, 28 (1922); (\ (1921). IV, 271; Fellen (iuilleauirKi Carlswerk 
A.-G., British Pat. 214,124; Kunstst., 14. 187 (1924); Anstnan Pat. 99,915; 
Kunstat., 16, 159 (1926); Plausons Forschungsinstitut, (Jerman Pat. 978,009 
(1921); Kuiiatst., 14, 57 (1924); V. (1924), I, 2211 ; E, Gabriel, (Jorman Pat. 
331,94.9 (1917), regenerate<l ebonite. 

® On tlie addition of a diazo-comjiound, seo J’lauson and Vielle, British 
Pat. 182,497 (1921); U. (1923), II, 10,32; U.S. Pat. 1,500,844; on the use of a 
triphenylmotham) dyestuff, which is (Icstroyed or changed at 150-290® C., 
and so indicates that hardening has occurred, so(^ Pat.-Trouhand-Ges. f. 
eloktr. Gluhiarnpen m.b.H., German Pat. 385,125 (1022). 
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case.^ This is easily effected by mixing and kneading machines 
if the binding agent is used as a liquid resin or spirit solution. ^ 
The mass so obtained is then dried, the solvent being volatilized 
in a vacuum and recovered. When using the ground solid resin 
the mixture must be kneaded in a heated mixer, a certain degree 
of care being necessary owing to the nature of hardening for 
resins. The mas^^ is then introduced into the moulds in the form 
of powder or of strands, arul moulded as already described. The 
material is frequently pre-formed into tablets (see Fig. 9), 




which are produced by a preliminary compression. This pro- 
cedure offers the advantage that the quantity of material neces- 
sary to fill the mould does not need to be weighed each time, 
but is supplied automatically. Regarding details of the tab- 
leting process, we must refer the reader to the descriptions 
by C. Ellis, W. Demuth, Sommerfeld, and others.^ We will 
only m(?ntion that the most complicated objects can be moulded, 
provided with perforations, bars, and threads, and with inserts 
of metal, rubber, or other materials. Very great precision is 
attainable, both in tlie moulding and in the position of the 

^ Oil tlio importance of prolonged mixing, see O. Manfred, J. Obrist, 
Kolloid-Ztschr., 41, 348 (1927); Arigcw., 4J, 971 (1928). 

® On water as a liquid medium, see Baekeland, Austriai# Pat. 52,291 ; 
Kunstst.^ 2, 213 (1912); U.S. Pat. 1,1()0,362 (aqueous alkalies); Griinwald, 
German Pat. 339,420 (1917); French Pat. 517,832 (1^119); C. (1921), IV, 196; 
Swiss Pat. 75,770; Kunstst., 8, 306 (1918); Czockoslav. Pat. 12,341; Kunstst.t 
16, 207 (1920); fVmdensite Co., U.S. Pat. 1,140,299; 1,140,300; Kunstst.y 6, 
110 (1916); alkaline solution; G. Petroff, German Pat. 379,983 (1922); Frdl, 
XIV, 705. 

* C. Ellis, Synthetic^^Resins mid Their Plastics, pp. 358-459 ; W. Demuth, 
Elektrotechn. Ztschr., 47, 1292; Sommerfeld, Angew., 40, 744 (1927); the 
principles on wiiich insulating mouldings should be designed have been 
indicated by Siemens -Schuckert-Werke ; see also O. Fischer, Elektrotechn. 
Ztschr. (1923), Part 52; Urbanuat Kunsist., 15, 189, 209 (1925); C. H. Bryson, 
Kunstst., 17, 134, 180, 230 (1927); A. Sommerfeld, Gvmmifreie Isolierstqffe, 
Berlin (1927); Elektrotechn. Zeitschr. 48, 1622 (1927). 
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inserts.^ It is also of importance that the moulding can be 
united with objects of other composition during the moulding 
process. 2 

Numerous important articles for the electrical industry are 
produced in the manner indicated above, which are much 
used, for example, for current supply and (distribution, such 
as insulators, insulating stands, covers, switchboards, end caps 
for cables, coil bobbins, distribution discs, brush holders for 
dynamos, sw'itcli boxes, radio parts, and so forth. Other 
articles which are similarly produced are motor-car parts (such 
as handle, steering wheels, door-handles, lighting switches, con- 
nection plugs, gear wheels, and also knife liandles, bobbins (for 
electrical and other pur])oses), handles (for hot irons, crucibles, 
knives, brushes, hand mirrors, and so forth), i)egs, plates, furni- 
ture castors, buttons, acid-proof cocks, medical instruments, 
and so forth. (See list, pages 364-4.) Attempts have been 
made to construct gramophone discs of hardening phenol-form- 
aldehyde resins,^ but so far it has been found impossible to 
displace natural shellac from its })redominant j)osition for 
this purpose. The resoles have, however, attained great impor- 
tance for the production of emery wheels and other grinding 
wheels.^ It lias also been found possible, by the use of suit- 
able fillers which conduct heat well, such as grapliite and metals, 

^ On the otlier tiand, on burning porcelain tlio slirinkago is 6 to 8%, and 
1% on burning steatite; (Juntber-Selmlzo, A'*igew., 40, 788 (1927). J.ioad 
borato behaves iu a more satisfactory manner and is used as an insulator, 
more especially after mixing with finely divided mica, as “ Micalox,” which 
is now much used for high frequency radio installations; see Oiiy Bartlett, 
C. (1927), IJ, 154. 

* I’he figures have been kindly placed at our disf)Osal by the Bakelito 
Corporation, York, and are to bo found in their pam])hlet “ Bakelite 

Moulded,” which gives a v(^ry instructive description of the method of mould- 
ing bakelite. The presses^which are required are partly of specialized con- 
struction, and are construciotl, in (iormany, by the following firms among 
others: ” Wumag,” Cfirlitz ; J. L. Hutten, Diisscldorf ; J. BanniiLg, Tfanuri i.W. 
On a heating press with cooling contrivance, see E. P. Darragon, French Pat. 
639,249; V, (1928), II, 2072. 

» Baekeland, U.S. Pat. 1,083,264 (1913); Aylswortlj, CT.S. Pat. 1,060,577; 
1,061,258; 1,092,512; 1,071,685; 1,110,417;, 1,146,384-5-6-7-9; 1,146,390-1; 
1,161,849; 1,167,468; 1,170,,391 ; 1,230,810; 1,265,500; 1,283,460; Edison, 
U.S. Pat. 1,146,413; Beatty, U.S. Pat. 1,158,964; KOmrnler, British Pat. 
174,372 (1922); Oosellschaft fur hygie^^ischo JDrzeugnisso (Lm.b.H., French 
Pat. 693,897 (1926); C7. (1926), 11. 1694. 

, * Baekeland, U.S. Pat. 942,808 (1909); Aylsworth, U.S. Pat. 1,090,440 
(1914); C. Krug, German Pat. 410,412 (1922). 

23— (5tM7) 
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to produce antifriction compositions.^ Further products which 
are so obtained are safety steps, ^ brake linings,^ certain elec- 
tric apparatus,^ fireproof articles,® wood substitutes,® packing 
agents (such as resistant packings for stuffing boxes, packing 
rings for pistons, and so forth),’ transformer cases for electric 
machinery,® pistpns,® and so forth. partly of special design. 
They are also used for heaters of various Idnds, resistant to 
chemicals, filter-press plates, porous filtering masses,^® heat- 
insulating compositions (with cork),^^ and, finally, for the con- 
struction of chemical plant of ‘‘ Haveg ” composition, which is 
exceptionally resistant, especially to hydrochloric acid, salt 
solutions, hydrofluoric acid,^® etc., and is also highly resistant 
to sudden temperature changes; this composition is of great 
mechanical strength and easily repaired.^® Attempts have also 
been made to use hardening phenol -formaldehyde resins as 
matrices for printing.^’ 

1 Baekeland, Gennan Pat. 226,887 (1909); C. (1910), II, 1350; Kunstat., 
1, 66, 171 (1911); U.S.Pat. 941,605. 

a Hopp, U.S. Pat. 1,156,081 (1915); KvmM., 9, 150 (1919). 

«The Kaybesios Co., IT.S. Pat. 1,498,386 (1921); C. (1925), T, 2473; 
Kunsm., 16, 181 (1925);IT.S. Pat. 1,619,322;C. (1928), 11, 2464 ; Forodo, Ltd., 
German Pat. 413,863 (1920) ; see also British Pat. 12,881 (1917) ; 15,566 (1917) ; 
4,061 (1918); Kathnow, Trietsclil<'r, Gorman Pat. 373,613; Kirohbachsche 
Werko Kirchbaeh & Co., Swiss Pat. 124,122; (\ (1928), 11, 1723. 

* P. Hebort, Fronch Pat. 603,621 ; C, (1926), IT, 657 ; KunstHt.^ 16, 231 (1926). 

6 F. B. Danohowor, U.S, Pat. 1,450,140; C. (1923), IV, 139. 

« Esgam, German Pat. 402,707 (1921); C. (1924), 11, 2439; Kunstst, 16, 
123 (1925). 

’ Baekeland, (Torrnari Pat. 223,714 (1909); Austrian Pat. 52,291 ; U.S. Pat. 
942,808; 942,852; 942,868; Swiss Pat. 45,529; 54,511; Fronch Pat. 11,628, 
addition to 386,627; KmiMsL, I, 171 (1911). 

» K. A. L. Volet, Gorman Pat. 397,518 (1920). 

® Ch. do Lucacsovios, K. Lofllor, U.S. I*at. 1,. 398, 178, 1,407,667 (with mica 
flakes and metallic in.sert); W. Hack, U.S. Pat. 1,486,110 (Filjre as filler). 

Bakekoland, U.S. Pat. 1,054,265 (1913); Koinpton, U.S. i^at. 1,392,173-4 
(1922). 

Saureschutz-Ges. rn.b.H., 3. K. Wirth, German Pat. 420,338 (1924); C7. 
(1926), I, 748. “ Haveg ’’-Material. 

Saureschutz-Ges. rn.b.H., German Pat. 401,376 (1923); Kunstst.y 15, 28 
(1925); C. (1924), TI, 2429. Production of furrows by grinding. 

Saureschutz-Ges.»<m.b.H., German Pat. 421,612 (1924). 

French Pat. 637,721 ; C. (1928), II, 1806. 

On an apparatus of transparent Bavelite for measuring hydrofluoric aci^, 
see Curtmann, J. Ind. Fhig. Chetn., 14, 610; C. (1922), IV, 605. 

1® J. K. Wirth, Chvm.-Ztq., 49. 663 (1925) ; 61, 349 (1927) ; H. Lebach, Angew. 
38, 1091 (1925). 

Aylsworth, German Pat. 290,674; Kunatat.y 6, 136 (1916); U.S. Pat.^ 
1,098,610 (191 :); 1, 144,338 (1915); Baekeland, U.S. Pat. 1,233,298 (1917); 
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The press-mouldings obtained with hardening phenoJ-form- 
aldehyde resins as binders, known commercially under the 
names of Bakelite, Bosch-bakelite, Bakdura, Durax, Estralite, 
Ambroin, Ricolite, Isolierstahl,” Guinmon, Redmanol, Con- 
densite, Trolon, Trolite, Tenalan, Tenacite, and so forth, possess 
good mechanical, chemical and physical properties. Thus, they 
are exceptionally good insulators, and numerous measurements 
and observations on this property are to be found in the litera- 
ture.i We here merel^^ append a table which was published in 
the Technologic papers of the Bureau of Standards, No. 216. 
This is all the more of interest as the properties of ordinary 
bakelite mouldings are compared with a laminated bakelite 
product, with ebonite and with vulcanized fibre. 

Resoles as Impregnating Agents and Adhesives. Apart from 
press-mouldings , 1 aminated materials pi ay an important and indis- 
pensible part as electrical insulators, etc. These products are pre- 
pared^ by coatingwebs of paper and so forth with suitable binders,® 

Gorman Pat. 320,180 (1913); C. (1920), IV, 135; TWitian, Woith. Brock, 
J. Ind. Eng. (Jhem., 9, 388 (1917); 6’. (1918). 1 317 ; Williamson, Gorman Pat. 
271,898 (1913); C. (1914) 1, 1380; U.S. Pat. 1,173,907 (1916); Ycoell, U.S. 
Pat. 1,379,430-1-2-3-4 (1922); Stokos, Gorman Pat. 340,950; (1922), II, 

1112; Novotny, Kendall, U.S. Pat. 1,398,140; C. (1923), JI, 7.54; paper is 
often used as a filler, which is impregnated by the binder. 

’ See, for examyile, F. W. Hinriclmon, “ Uebor iHoliormaterialien der Klek« 
trotechnik iind ihre Pnifnng,” KmiHtst.y 4, 41, 04 (1914), which contahiH exact 
methods and directions; Biiltemann, Kunstat., 7, 292 (HH^); 12, 00, 70, 82 
(1922); Vosmaor, Chem. WeeMdatU 17, 30; C. (1920), II, 040; soo also Kunatst, 
12,1 13 (1912), on British testing methods; also O. Fischer, Elcktrocrkn. Ztarhr. 
(1923), Part 62; on the regulations of the V.D.K. for testing insulating mate- 
rials, soo also Vorachriftenhuch des V.D.E. (Springer, 1920), an<l also the 
Appendix to this book. Si'e also W. Deinuth, Die Materialprufung der Isolier- 
stojfe der Elektrotechn. Ztschr. (1927), 539. Further details and results of tests 
are to be foimd in innumerable scattered publications and small monographs. 
We must also ii^ention U. Hetzow, Eigenschujten elektrotechn. I soliermaterialien 
in graphischen Daratellunge.n. Berlin (1927); A. Somrnerfeld, Gummifre.ie 
Jsolierstoffe, Berlin (1927G Elektrotechn. Zeitsehr., 48, 1022 (1927); H. Stager, 
Kolloidchemie der laolieri^terialUn (“ Kolloidchemiache Technologic,'''' Dresden- 
Leipzig, 1926, p. 264 et seg.); C. H. llryson, Kunatat., 17, 134, 180, 230 (1927); 
J. Simonin, Bev. gdn. Matierea plaat., 3, 087 (1927); A. Br^guot, Bev. g4n. 
Colloidea, 6, 681 (1927); W. Nagel, Angew., 41, 686 (1928); A. A. Drummond, 
Chem. Trade Journ., 82, 6 (1928); India Rubber Joym., 75, 101 (1928); 
J. Obrist, Kolloid-Zeitachr., 46, 82 (1928), etc. • 

2 See Biiltemann, Kunatat., 12, 76 (1922); K. J. Breuer, Kunatat., 16, 34 
(1925); see also Biiltemann, Kunatat., 9, 49, 65, 91 (1919), who also shows 
' figures of some of the products. ^ , 

• Coating machines and machines for the production of woimd articles, and 
, so forth, are built by the following firms, amongst others : Keller & Prahl, 
Eschwege a.d. Werra and K. Jagenborg, Diisseldorf. • 
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ARTIFICIAL RESINS 


and then uniting a suitable number of layers under the 
influence of heat and pressure. The only natural product used 
as a binder is shellac, which is equalled or even exceeded in 
the necessary good qualities by the resoles only. Other artificial 
resins play a quite subordinate part, and are only used in 
special cases. (See page 203, 268.) 

The demand fvr laminated products in the form of plates, 
blocks, tubes of very various wall thickness and diameter, 
up to more than one metre, and of other hollow bodies, is 
enormous ; the structural element is usually paper, which is 
impregnated by machinery in the form of sheets or webs, with 
a solution of resole resin in spirit, then dried, sometimes in a 
current of warm air with recovery of the solvent, and then 
stacked. 

In order to produce plates, the required number of varnished 
sheets are piled and the last one covered with an unvarnished 
sheet. The bundle is then placed in a heated hydraulic press, 
in which it is submitted to high pressure and simultaneously 
heated. This first causes the resin to become fluid, so that the 
sheets are intimately united without any interspaces. This pro- 
cess is followed by that of the transformation of the resin, by 
which the whole mass is welded to a single plate of excep- 
tional mechanical and electrical properties. (See page 347 
et seq.) The thickness of the plates may be varied within fairly 
wide limits. Quite thin sheets can be produced, and also blocks 
of 10 cm. thickness and over. The other dimensions, obviously, 
depend on the size of the sheets of paper. ^ Smaller sizes are 
cut out of larger plates. 

For the production of tubes and other hollow bodies special 
winding machines are used. (See Figs. 10 to 13.)2^In these a 
coated paper web is first passed over a headed roller, by which 
the binder is melted, and then passes immediately on to a 
mandril which reproduces the internal shai)e of the article to 

^ On the union of lam*inato(i platoH edgewise, in order to obtain larger sizes, 
cee Bakelit<5-<ies. and H. Lebach, German Pat. 376,439 and 388,160. 

2 Fig. 10 is taken from Ibe article by H. Stager on “ Synthetic Resins ” in 
KoUoidchem. Technologic^ Dresden and Leipzig (1927), p. 297. Figs. II-IS 
have been kindly ])laced at our dVspo.sal*'by A. C5. Brown, Boveri & Co., and 
the affiliattMl company Micafil-A.G. 



PHENOL-ALDEHYDE RESINS 


353 


be produced. (See Figs. 10 and 13.) The wall-thickness of the 
product depends entirely on the number of turns of the wind- 
ing. It is important that the paper should be maintained at 
the correct tension ; the binder is prevented from solidifying 
prematurely by the action of auxiliary heating rollers, which 
also exercise the function of ensuring that the several layers 
are tightly folded and united without any discontinuities. After 
the required thickness has been attained, the mandril and sur- 


Oblong Winding Machine . 

Paper Winding. 
Heating Roller, 


^Rope- Pulleys attached 
to Frame of Machine, 



Varnished Paper. 


10. Diagram of a Winding Machine 


rounding wound object are removed from the machine together, 
and placed in a stove in which the gradual transformation of 
the binder is effected at a moderate temperature of 80-90^ C. 
The quality of the article depends greatly on the proper con- 
duct of this operation, so that the correct degree of hardening 
may be produced without the formation of blisters between 
the numerous layers.^ The break-down resistance of the pro- 
ducts is also greatly dependent on the absorptive capacity of 

the paper which is employed. ^ It should etbe noted that the 

• 

1 See also Frederick, U.S. Pat. 1,284.295-0-7-8-9 (1918); Kompton, U.S. 
Pat. 1,284,363 (1918); Bumiiigliam, Richter, van Arshed, White, U.S. Pat. 
1,396,021 (1921); Trombort, French*Pat. m)0,756 (1924); C. (1926), I, 273; 
Kunstat., 16, 76 (1926); H. Stager, Kolloid-Zeitschr., 46, 66 (1928). 

* Breuer, Kunetst.f 15, 17 (1925). ^ 
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electrical breakdown resistance along the length of the winding 
is only about one tenth of that across it.^ 

Numerous proposals have been made for the production of 
such laminated material, ^ dealing, not only with the mechanical 



Vui 11. 


arrangements, but also with the use of fabrics other than paper, 
such as fibre, linen, and cotton cloth, asbestos ancf mica flakes 

^ Schwenkhagon, FAeHrizitatsmrtschafU 26, 342 (li27). 

*Baokoland, U.S. Pat. ],()19,4C6 (1912); Frederick, U.S. Pat. 1,284,644 
(1918); McIntosh, U.S. Pat. 1,236,460 (1917); O’Oonor, U.S. Pat. 1,284,432 
(1918); Stevenson, U.S. Pat. 1,295,230 (1919); Wright, U.S. Pat. 1,303,763 
(1919); J. Gebhard, German Pat. 326,783 (1919); Vulkanfiber; Stevenson, 
U.S. Pat. 1,392,636 ( 1 ^2 1 ); Taylor, U.S. Pat. 1,441,133 (1923); Metropolitan- 
Vickers EU^ctrical Co., Ltd., British Pat. 169,461 (1921); Kempton, U.S. Pat. 
1,309,768, 1,312,789 (1919); 1,416,036 (1922); Egerton, U.S. Pat. 1,370,800 
(1921); Frederick, U.S. Pat. 1,430,641 (1922); Bakelito Cor., K. Brown, U.S. 
Pat. 1,669,846 (1923): C. (1926f, I, mO; Westinghouse Electric & Manuf. 
Co., U.S. Pat. 1,448,386; Comp. Frang. pour I’Expioitation des Proc^d^s 
Thomson -Houstcjii, French Pat. 602,428 (1924); C. (1926), II, 476. 
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(micanite), and so forth, and also with various other modifica- 
tions.^ The fault which sometimes occurs through distortion 
of the material is stated to be remedied by a short heating to 
170-200° C. and immediate cooling, these operations being 
repeated several times if necessary. The manufacture of these 
products requires considerable practical experience. 

Laminated insulating articles are sold undbr various names, 
such as the following hardened papers : Presszell, Geax, Bikar- 
ton, Bituba, Bakelite paper, Carta, Durax, Turbonite, Turax, 



Fig. V2 

Pertinax, Neolite, Harex, Kepetite, Peralite, and so forth; 
hardened fabrics : Novotext, Turbax, Pertinax, Harex, and so 
forth ; Mica produ^fts, or Micanite : Press Micanite, Megohm- 
ite, Mikarta, Mikafolium, Mica paper, Mica fabric, Mica asbes- 
tos, etc. 2 On the properties of the materials, see the table 
on page 348 et seq. and the cited investigations.^ Materials 
of this character are easily worked mechanically, and are widely 

^ On dusting resin powder between paper webs, instead of application in 
varnish form, see Emil Haefely & Gift, A.-G!, German Pat. 323,599 (1918). 

* On Canevasite plates, for example, see Kunstst.f 13, 81 (1923). 

» See also Retzow, Kunetst,, 12, 49 (1922); Brouer, Kunsfst., 16, 23 (1926). 
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used in the electrical industry^ for switchboards, transformers, 
bobbins, and winding carriers, and in the form of coiled tubes 
as inductor and transformer tubes, as insulators (but for 
interior use only), as guide rails, and recently for radio appara- 
tus. Many other objects are made of laminated sheet, such as 
aeroplane propellers, noiseless gear wheels, ^ and spur wheels,® 



Fig. 13 

the harder qualities of artificial leather, feet for furniture, disc 
washers, brake linings,^ and ornamental tiles.® ^ 

^ On insulating bodies for electric machinery, see alscrSuddeutsche Isolations- 
werke (J.m.b.H., Oerrnan Pat. 350,680 (1919). 

8 Baekeland, U.S. Pat. 1,160,364 (1916); Conrad, U.S. Pat. 1,167,742-3 
(1916); Bastian, U.S. Pat. 1,223,348 (1917); Stevenson, U.S. Pat. 1,298,816 
(1919); British Westinghouse Electric & Manuf. Co., British Pat. i08,697; 
Kunstat, 9, 69 (1919) ;^runwald, Gorman Pat. 302,111 (1916); British Pat. 
111,664 (lCn7); Kunstat., 12, 109 (1922); C. (1922), II, 1089. 

* Fibroic Insulation Co., L. F. Frederick, U.S. Pat. 1,664,774 (1924); C. 
(1926), I, 2226. 

^ “ Scandinavia ” Bolting, Ltll., M.* Fenton, Crowther, German Pat. 
402,883; British Pat. 178,883; Kutistst., 16, 44, 65 (1925); H. Frood, The 
Herbert Frood Co., Ltd., German Pat. 247,891 (1910). 

® Dr. Heinr. Traun dr Sohne, German Pat. 423,932 (1924). 
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Resoles are also used as impregnating agents in a narrower 
sense than for the manufacture of laminated masses, and may, 
for example, be used for the impregnation of bobbins and 
armatures for dynamos, motors, arc lamps, and transformers, 
in the form of either liquid resins or resin solutions. These 
are then hardened by careful heating in the bakelizer. For 
the production of insulating materials of this and similar 
character,^ it is advisable to add softening agents such as 
naphthalene, anthracene, and so forth, which also reduce the 
velocity of hardening and facilitate the removal of any solvents. 
The impregnation^ of wood,^ leather, textiles,^ cardboard, paper, 
and. asbestos, has also been proposed, in order to obtain, by 
hardening, especially resistant and useful materials, which are 
easily worked mechanically. 

A peculiar form of coating has been suggested for producing 
resistant linings to chemical and other plant.® A layer of 
asbestos cloth is first attached to the wall of the container by 
means of hardening resin ; this is then heated until the resite 

1 Aylsworth, U.S. Pat. 1,047,484 (1912); Baekoland, U.S. Pat. 1,166,462; 
Kunstst., 6, 12 (1916); U.S. Pat. 1,21,3,141 (1917); 1,21.3,726; 1,216,266-6; 
Jackson, U.S. Pat. 1,32.3,284; Apple, U.S. Pat. 1,1.32,297; Frederick McCul- 
lough, U.S. Pat. 1,231,688; Scheibe, U.S. Pat. 1,241,669; Halbloib, Lee, 
U.S. Pat. 1,274,411; Zonk, U.S. Pal. 1,046,928. 1,265,681; Aichole, U.S. Pat. 
1,296,731 ; Hayden, U.S. Pat. 1,096,839; The British Thomson-Houston Co., 
Ltd., British Pat. 6,165 -7 (1911); 1.3,946 (1910); Kabolfabnk und Draht- 
Industrie A.-G., Austrian Pat. 98,168 (1923); C. (1926), 1, 999; J. J. Kessler, 
U.S. Pat. 1,691,634. 

* For many impregnation processes the use of mixtun^s of the components, 
phenols and formaldeliyde, is rocommonded, which may bo homogenized by 
caustic alkali solutions, and so forth, or in the form of solutions of formaldehyde 
in phenols, without any appreciable condensation taking place before applica- 
tion. Such condensation first takes place on heating after impregnation and 
is effected by the same operation as the hardening proc^ess. 

3 Baekeland? German Pat. 231,148 (1908); U.S. Pat. 942,862; 946,671; 
Aylsworth, U.S. Pat. 1,111,286 (1914); Dyer, U.S. Pat. 994,067 (1911); 
E. Haefely & Cio. A.-Gi, French Pat. 600,629 (1925); Swiss Pat. 109,661 
(1924); C7. (1926), I, 2947; see also H. Klihl, Kunstst., 6, 196 (1916); J. J. 
Kessler, U.S. Pat. 1,693,579; see also the earlier patent of A. Bevier, German 
Pat. 136,621 (1900), on wood conservation. 

*G. W. Neu, French Pat. 680,666 (1924); C. (1926), I, 1669; O. Ruff, 
German Pat. 327,399 (1917); 0. (1921), II, 142. 

* H. Lebach, Angew., 38, 1092 (1926); Wirth, British Pat. 171,369 (1921); 
German Pat. 346,570 (1920); C. (1922), II, 1216; Kunatst, 12, 37 (1922); 
German Pat. 348,618 (1920); 350,819 (1921); 369,226 (1921); 0, (1922), IV, 
634; (1923), II, 1266; KunataU, 12, Ul (1922); see also German Pat. 420,413 
(1924); C. (1926), I, 1300; Chem, Ztg., 51, 349 (1927); I. G. Farbenindustrie 
A.-G., British Pat. 276,697; C. (1928), 1, 100. 
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is formed, after which the porous lining is impregnated with 
hardening phenol-formaldehyde resin, which after hardening 
forms an acid-proof and durable lining.^ According to another 
similar process of applying a lining a wide-meshed fabric is 
used, which is coated with artificial resin and then applied. 
(“ Haveg ” material, see page 346.) 

Production of Coatings from Hardening Resins. The excep- 
tionally valuable properties of the hardening phenol-formalde- 
hyde resins, and more especially the j)ractical indestructibility 
of the hardened products, very soon suggested the possibility 
of applying them as varnish bases. However, as will be gathered 
from the above description of their application as linings, there 
are considerable difficulties in applying them as varnishes, and 
so far they have not been used for the purpose to any appre- 
ciable extent. The difficulties arc more particularly associated 
with the brittle character of the hardened products, which 
easily leads to the formation of cracks, which would, of course, 
destroy any effective protection afforded to the underlyiag 
material. The addition of plasticizing agents for the purpose 
of rendering the film more elastic, as has often been recom- 
mended, is not of much use,^ as this is largely volatilized by 
the subsequent hardening process. The adhesion of the varnish 
film may probably be improved by various preliminary treat- 
ments, such as treatment of a metallic surface with acids, or 
roughening it by the ap|)lication of magnesium chloride solu- 
tion, the application of a rough intermediate layer of ductile 
metal, thermal treatment by hot air, and so forth f the adhesion 
is undoubtedly imi)roved by the addition of a certain propor- 
tion of inert fillers, such as powdered quartz, pow(iered glass, 
slate powder, iron oxide, sand, emery, asbestos, or powdered 
resite as these diminish the shrinkage conSequent on harden- 
ing and thus counteract the tendency to crack. Yet a coating 

^ On the durability of rosite linings, for example, of one in a centrifuge used 
for phosphoric acid residues containing large quantities of phosphoric and 
sulphuric aoids, throughout- a j>eriod of eleven years, see Chem. Met. Eng., 
33, 624; C. (1928), II, 3105. 

* See O. Faust, French Pat. ,598,650 (1925); G. (1926), I, 2264; Kunetst., 

16, 137 (1926). • • 

» La BaMito, French Pat. 628,819; C. (1928), I, 1237. 

* Bat^koland, U.S. Pat. 967,137 (1910); 982,230 (1911). 
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of hardening phenol-formaldehyde resin appears to be suitable 
in such cases only in which the coated object is to be subjected 
to very slight mechanical wear. In such cases the hardness of 
the resite layer and its high power of resistance to acids, salt 
solutions, alkalies, and so forth, and its resistance to heat are 
fully exhibited . The numerous proj)osed methods of application as 
a varnish,^ some of w hich take the peon liarities*of these products 
into account, must be considered from the above standpoint. 

The materials used for the production of varnishes, etc., are 
the condensation products which are either still liquids, or 
solids possessing the required solubility. 

The principal solvent is spirit,-* but other solvents are also 
used, such as acetone, the higher alcoliols, find esters.*'^ 

1 Baekeland, U.vS. Pal.. 954, (1910); 982,230 (1911); 1,019,408 (1912); 
1,086,100; 1,160,363 (1915); Aylswortli, IJ.S. Pat. 1,139.470; Kunstat., 12, 
23 (1922); K. Mowoh, CUerman Pat. 259,825 (1911), container for liquid air, 
etc.; Eitner, Kind, (lorman Pat. 276,434 (1913), loatbor varnish; Buffum, 
U.S. Pat. 1,197,601 (1916); Oes. fur c4jein. Ind., Swiss Pat. 75,601; Kunatat.f 
8, 307 (1918); (Icrman Pat. 315,017 (1916); C. (1919), IV, 1131; McIntosh, 
I7t$. Pat. 1,269,292 (1918); McClain, U.S. Pat. 1,299,747 (1919); Amstadter 
Malzfabrik, (Icrman Pat. ,304,319 (1916); (1. (1919), TV, 770; Cerrnan Pat. 
306,179 (1917); .307,699 (1918); Ehronfeld. Cerrnan Pat. .339,905 (1919); 
C. (1921), IV, 976; Mark. Marinorwerke, (Jerrnan I'at. 388,225 (1921); C. 
(1924), I, 1682; J. Marcusson, Swiss Pat. 91,801; C. (1922), II, 948; .T. Lang- 
bein, British Pat. 223.461 (1924); C. (1925), 1, 888; CJerinan Pat. 416,306 
(1924). 

For coating metals in particular: Baekeland, U.S. Pat.. 957,137 (1910), 
Food containers, etching with acids, tillers; .Tones, U.S. Pat. 1,171,725 (1916); 
Kunatat., 6, 233 (1916); Kompton, U.vS. Pat. 1,249,770 (1917); McIntosh, 
tJ.S. Pat. 1,269,292 (1918); Townsend, U.S. Pat. 1,146,214 (1916); 1,273.964 
(1918); Ruff, Cerman Pat. 304,985 (1917); Swiss Pat. 90,485; C. (1918), I, 
898; Kunatat., 8, 273 (1918); 9, 27.3 (1919); 12. 37 (1922); Cesollsehaft fiir 
Technik, Gorman Pat. 382,749 (1920), etehiug with MgClg solution; La Bak^- 
lite, Austrian J*at. 103,905 (1925); (1. (1926), II, 2120, rougli intermediate 
layer of ductile metal ; British 3^honison- Houston Co., Ltd., W. E. Ruder, 
British Pat. 249,144 (1926); C. (1926), IF, 809, insulation of electro-magnets; 
R. Amot, BrJ^sii Pat. 288, .30.3; <7. (1928), II, 292, coating shaped objects. 

* On the use of special solvents or mixtures, see Bakelite Gt^s. m.b.H., 

German Pat. 286,568 (1 M2) ; (7. (1915), II, 570 ; Austrian Pat. ; Kunatat, 

6, 129 (1916); British Pat. 6,203 (1912); Baekeland, U.S. Pat. 1,018,386 
(1912); Kunatat., 10, 120 (1920); U.S. Pat. 1,037,719; 1,08.5,100; Jones, U.S. 
Pat. 1,200,731 {[916) ;Kmi8tat., 7, 67 (1917); 8, 307 (1918);U.S. Pat. 1,209,165. 
Kunatat, 7, 141 (1917); Howse, British Pat. 156,896 (1919); C. (1921), II, 808; 
W. Schrauth, German Pat. 349,905 (19H)), Cyclohexafiols or Esters; Bakelite 
Corp., H. C. Cheetharn, U.S. Pat. 1,628,006 (1923) ; C. P.125, J, 24W; Kunatat, 
15, 181 (1925); Bakelite Cor., L. V. Rodman, U.S. Pat. 1,591,999 (1922); 
G. (1926), II, 1794. On varnish production by peptonization, see Warchavsky, 
French Pat. 495,021; Kunatat., 12, (192f). 

* On determinations of the strength of such solutions, see A. L. Abonyi, 
Kunatat., 16, 30 (1926). 
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After applying the varnish coats, which may be effected by 
painting, dipping, spraying, or pouring, ^ and drying in the air, 
the hardening process follows, which develops the exceptional 
qualities of the material. Hardening is usually effected by care- 
ful heating over a long period, the temperature being neces- 
sarily adjusted to the properties of the varnished material, 
which may, for Cxample, be wood. For some purposes it is 
sufficient to heat to temperatures in the neighbourhood of 
100° C. for one or two days. Naturally, the higher the tem- 
perature the shorter is the heating period required. In some 
circumstances it is advisable to heat under pressure, in a bake- 
lizer, to avoid blistering. After heating it is necessary to 
arrange that the cooling process may be slow. 

Such varnishes are used for coating lamp shades, lamp stands, 
and other parts of illuminating contrivances, where resistance 
to heat, oil, petroleum, spirit, and so forth, is required. They 
are also used for varnivshing door plates, door knobs, brass bed- 
steads, and so forth. Coatings are also applied to metals for 
special protection against liquids, to rubber as a protection 
against ultra-violet light, for protecting wooden chimneys 
against acid vapours, and so forth. ^ 

Further Applications of Resoles. These resins are also used 
as cements, for example, for fixing bristles into brushes (gal- 
vanizing and roller brushes) and hair into paint brushes, for 
electric lamp caps, for knife handles, and so forth.^^ They are 
also used for such purposes with fillers, which may comprise 
natural resins such as colophony or Manilla copal. They are 

^ Application in powder form and subsoquont molting has also boon 
proposed. 

a Chem. Met. Emf., 33, 647 (1926). 

» Baekeland, U.S. Tat. 1,019,407 (1912); 1,019,408 (1912) ; Aylsworth, U.S. 
Pat. 1,066,496 (1913); Brown, U.S. Pat. 1,260,959 (19b7) ; Egerton, U.S. Pat. 
1,353,800 (1920); Bayhurst, British Pat. 122,661 (1917); J. Marcusson, Ger- 
man Pat. 402,730 (1919); Kunstst, 16, 102 (1925); C. (1924), 11, 2668; 
Westinghouse Electric & Manuf. Co., E. Frost, U.S. Pat. 1,676,737 (1921); 
C. (1926), II, Sn ; Kunsm., 16, 204 (1926); Chem. Age, 7, 207 (1922). 

* Cliem. Fabrikon Dr. Kurt Albert, German Pat. 304,752 (1917); Kunatat., 
8, 143 (1918); Hayhurst, British Pat. 158,427 (1919), for pottery; Bureau 
d’ Organization Ecouomique, German Pat. 405,135 (1921); C. (1926), I, 744, 
Elektrode settings; Dr. H. Traun & Sohiie, German Pat. 432,485 (1923); 
C, (1926), II, 2234 ; H. O. Keay, British Pa. 230,678 (1924) ; C. (1926), II, 976, 
for uniting stones; R. Amot, Clerman Pat. 418,732 (1924); C. (1926), I, 1916; 
Kunatat., 16, 96 (1926) ; Canadian Pat. 266,883. 
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also used as adhesives.^ A number of further applications have 
been suggested, which will only be briefly mentioned as they 
have attained but little if any practical importance. These 
include the use of hardening phenol-formaldehyde resins for 
the production of packing materials,^ waxed paper,® for sizing 
paper,® for the production of water-tight sanded or cement 
flooring, fireproof coatings,’ roofing materials,*^ for brake lin- 
ings,® for producing colour screens,^® for the production of non- 
setting modelling materials,^ ^ for resistant reserves, for wall 
coatings,^® for fixing metallic powders, and so forth, in textile 

^ See Chem. Fabr. Dr. K. Albert, (Jarman Pat. 304,752 (1917), porous 
coatings on metals. 

* On more recent applications, see also Hodman, ./. Ind. Chem., 15, 677; 
C. (1923), IV, 667. 

® M. Porkiewiez, German Pat. 237,728, 246,903 (1911), as an addition to 
glue solution for coating pott-ery to prevent eiTloroscence ; Ball, German Pat. 
254,760 (1912), violin bows; Curley, U.S. Pat. 1,094,706 (1914), special frames 
for tennis rackets; Aylsworth, Smith, U.S. Pat. 1,134,433 (1915), golf balls; 
Beatty, U.S. Pat. 1,158,963; Kutialst., 6, 62(1916), photographic films; 
Baekeland, U.S. Pat. 1,160,363; Kuiistst.., 6, 63 (1916), waterproof composi- 
tions; Albrecht, German Pat. 264,956 (1912); U.S. I*at. 1,205,967, dental 
fillings; Eilortsen, French Pat. 526,()53; British i*at. 165,758 (1921); C. (1921), 
IV, 1014; French Pat. 528,659; C. (1922), II, 666; French Pat. 24,925, 26099; 
C. (1923), IV, 540; Bronnert, U.S. Pat. 1,374,718 (1921), for viscose silk; 
Sweetland, Manning, Hilpert, U.S. l^it. 1,292,535, filters; Schiilko, Eisner, 
British Pat. 161,526 (1922); KunstnL, 12, 142 (1922), spinning nozzles; Suden- 
burgor Masch.-Fabnk und EiHcngiesserei, German Pat. 344,327 (1921); 
361,735 (1922); Frood, British Pat. 176,404 (1920), for footwear production, 
etc. ; L. Casella & (Jo., (terman Pat. 347,197 ; C. (1922), 11, 480, fancy threads; 
German Pat. 380,994 (1920); U.S. Pat. 1,451,209; British Pat. 198,166. 

* Baekeland, U.S. Pat. 941,605 (1909); Swiss Pat. 61,816; (Jhapell, U.S. 
Pat. 1,102,473. 

6 Gesell, U.S. Pat. 1,277,904 (1918). 

“ Baekeland, U.S. Pat. 1,160,365 (1915); Holzvorkohlungs-Ind. A.-G., 
German Pat. 303,925, 338,395-(), 339,594, 342,255; C. (1921), IV, 604, 824; 
Ruff, German Pat. 327,399 (1917); (L (1921), II, 142; German Pat. 303,926; 
German Pat. 307,694; C. (1919), IV, 931; W. Schmidt, E. Hauser, German 
Pat. 306,524 (AM 7); on application for strengthening jiapor yam, see O. Ruff, 
(Jerman Pat. 302,551 (1917). 

’Achtmeyer, U.S. VM. 1,429,265 (1922); C. (1923), IV, 668; Kunatat., 
13, 125 (1923). 

* Aylsworth, U.S. Pat. 1,077,113. 

« Achtmoyer, U.S. Pat. 1,429,266-7 (1922); €. (1923), IV, 669; Kunatat., 
13, 125 (1923); U.S. Pat. 1,418,607; C. (1923), IV, 960; Frood, English Pat. 
166,916; C. (1922), II, 1230. * 

Wieland, German Pat. ,343,759 (1918); French Pat. 519,637*(1919); O. 
(1921), IV, 732. 

M. Thiele, German Pat. 289,565 (1911). 

Cassella & Co., Gennau Pat. 24?,277; f.'. (1922), IT, 578; German Pat. 
380,994 (1920); Frdi. XIV, 557 ; U.S. Pat. 1,461,299; British Pat. 198,166. 

« V. Lefoburo, British Pat. 237,320 ( 1924) ; C. (1926), I, igi 7 . 

24 —(5647) 
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printing,^ for preserving biological specimens, ^ as holders for 
perfumes,^ for decorating textiles,^ for the production of a 
glass substitute,® for the photographic production of printing 
faces,® and so forth. 

The various proposals for the application of phenol-formalde- 
hyde resins already referred to, give some idea of the many- 
sided applications of these materials, but as many of the 
numerous patented processes have scarcely found practical 
application we reproduce a list of all the uses to which these 
materials are ordinarily put in Europe and America, which was 
kindly placed at our disposal by the Bakelite G.m.b.H. 


APPLICATIONS OF PHENOL-FORMALDEHYDE RESINS 


Acid-proof linings 

Brake linings 

Aeroplane proyjellers 

Brake} parts 

Ammeter cases 

Brush backs 

Anti -dust spectach^s 

Brush handles 

Anti-friction bearings 

Apparatus — acid prooi 

Buttons 

Apparatus cases 

Cable branching boxes 

Apparatus liandles 

Cable terminal caps 

Armature coil casings 

Calculating machine parts 

Armature detectors 

Calendar frames 

Armature distribution blocks 

Camera bodies 

Armature insulators 

Candlesticks 

Armature int^nsifiors 

Carbon brushes 

Armature variometer casings 

Case's for measuring instruments 

Artificial stone impregnation 

(/ases for radio parts 

Ash trays 

Cases for transformers 

Castanets 

Balance dials 

(/aslors 

Balls for bearings and clutches 

Chandeliers 

Bangles 

Chemical apparatus 

Banjo frames 

Chin supports 

Beads 

Cigar arul cigarette holders 

Billiard balls 

Clock cases 

Bobbins 

Closet seats 

Bobbin carriers 

Coffee-pot handles * 

Bowls 

Commutators 

Boxes 

Condensers -r) 

Bracelets 

Condenser batteries, as protection 

Brake couplings 

against over-voltage 


1 E. Zundel, German Pat. 264,137 (1912). 

® J. Brunner, E. Scfioele, U.S. Pat. 1,688,164 (1925); French Pat. 606,403 
(1926);C.'(1926), II, 1794. 

» Merz & Co.. German Pat. 428,951 (1924); O. (1926), II, 1209. 

* G. E. Farragut, British Pat. 247,282 (1914); C. (1926), II, 2963. 

* P. Carpentier. French Pat. 686,303 (1923); C. (1926), II, 1479; KunstsU, 
16, 265 (1926). 

* E. Doelker, German Pat. 390,898; 408,097 (1921). 
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Condenser cases 
Condenser knobs 
Contact carriers 
Containers — acid proof 
Copying rollers 
Counters 
Crucible handles 
Cut-outs 

Cut-out tubes and plates 

Dental instruments 
Developing dishes 
Diaphragms 
Dice 

Distributing discs 
Door handles 
Door knobs 
Drying pans 
D)mamo brush-holders 

Ear-rings 
Electric drill parts 
Electric piano parts 
Electromedical apparatus 
Enamels 

Equipment for doctors and dentists 
Etuis 

Fan supports 
Filter press plates 
Fire extinguishers 
Fishing reels 
Fishing tackle 
Flat iron handles 
Flat iron plugs 
Fountain pen holders 
Frictionloss bearings 

Gas meter packings 
Gear wheels for motors, motor bi- 
cycles and machinery 
Gears 

Glove fasteners^ 

Gramophone discs 
Grinding discs 
Gun facings 
Gun stoclu 

Hand lamp handles 

Hand mirror backs 

Hardened paper 

Heater covers 

High voltage insulators 

Holders for heating apparatus 

» Ice-box covers 
Ignition coil casing 


Indicator dials 
Insulating ducts 
Insulating plates 
Insulator boxes 
Insulators 

Knife handles 

Laboratory apparatus for hydro- 
fluoric acid • 

Lamp handles 
Lamp holders 
Lamp shade varnishes 
Lamp sockets 
Lamps for dentists 
Letter balances 
Lids 
Lighters 
Loud speakers 

Machine parts 
Magnetos 
Mandoline bridges 
Mandoline keys 
Megapliones 

Motor brakes and steering gear 
Motor gear wheels 
Motor goggle frames 
Motor pistons 

Mouthpieces for wind instruments 
Musical instrument parts 
Music rolls 

Necklaces 

Omaments 

Packing plates 
Packing rings 
Paint brush cement 
Pans 

Parts for cinematographs 

Parts for office machinery 

Pencil holders 

Penholders 

Petrol tank caps 

Piano keys 

Piano parts 

Picture frames 

Pipe lines 

Pipe mouthpieces 

Pipes • 

Pistol handles , 

Pistons for motors and motor bicyclei 
Plugs 

^ Press^mouldings 
Printing blocks 
Propellers 
Pumps 
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Radio parts 

Tachometer parts 

Rail insulators 

Teapot handles 

Razor handles 

Telegraph parts 

Reaction towers 

Telephone handles 

Rectifiers 

Telephone mouthpieces 

Regulating wheels for motors 

Telephone parts 

Rheostat frames 

Telephone receivers 

Rods 

Terminal blocks 

( 

Thimble tops 

Safety spectacle frames 

Tile impregnation 

Shaving brush handles 

Tool handles 

Signal parts 

Tram strap handles 

Sldttle balls 

Transformer parts 

Socket boxes 

Transport containers 

Socket cement ,, 

Typewriter parts 

Sockets 

Sound intensifiors 

Umbrella handles 

Spark inductors 

Spark intensifiers 

Vacuum brake parts 

Spinning pots 

Vacuum cleaner parts 

Spraying pots 

Valve Beatings 

Starting gear 

Varnishes 

Stirring gear 

Violin parts 

Stoppers 

Violin scrolls 

Supporting discs and rings 

Voltage regulators 

Supports for glasses and bottles 
Surgical instruments 

Walking-stick handles 

Switch caps 

Wall coatings 

Switch covers 

Washing macliine stirrers 

Switch sockets 

Window lugs 

Switchboards 

Writing utensils 

Switches 

Sword handles 

X-ray tubes 


OOPAL SUBSTITUTES 

Phenol-formaldehyde Resins Soluble in Fatty Oils and Hydro- 
carbons. Phenol-formaldehyde resins of the type of the Novo- 
laks and the hardening products (resoles) are soluble in spirit 
and similar solvents, but are ordinarily insoluble in hydro- 
carbons and fatty oils, and cannot, therefore, bc used for oil 
varnishes, which would otherwise form % very extensive field 
of application. Novolaks can indeed be incorporated with lin- 
seed oil, for example, by heating to a high temperature with 
that substance, but the solutions which are so obtained are of 
very dark colour; this reaction may account for the alleged 
solubility of phenol-formaldehyde resin in oil, which is referred 
to in some earlier publications 

^ See Aylsworth, U.S. Pat . 1,111,287; Robinson -Bindley, Weller, Dulcken, • 
British Pat. 134,563 (1918); Kunstst, 10, 166 (1920); on the solubility In 



PHENOL-ALDEHYDE BESINS 


365 


Free solubility in benzene and in oil, such as is required for 
utilization as oil varnish, can be imparted to phenol-formalde- 
hyde resins by combining them with natural resins, such as 
colophony, their esters, and salts, with artificial resins, such as 
oumarone resins, or with fatty oils or oil acids. ^ Such addi- 
tions act partly as dissolving agents, but may also to some 
extent enter into chemical combination with the phenol-form- 
aldehyde resin, in the form of some unknown type of condensa- 
tion, probably of esterification.^ Artificial resins obtained by 
such a process are sold as “ Albertols.”^^ Similar products 
are also obtained by the incorporation of phenol-alcohols or 
dihydroxydiphenylmcthanes with colophony.® 

Besins soluble in benzene and oils are also obtained by con- 
densing further with formaldehyde in the usual manner the 
condensation products of phenols with unsaturated hydrocar- 
bons, such as styrol, pinene, diamylene, etc.® The hydro- 
carbons may be replaced by suita})Ie fatty oils.’ The same 
property of solubility is obtained if the initial condensation 
products obtained in the usual manner from phenols and 
formaldehyde in the presence of basic condensing agents are 

benzene of napbthol-formaldohydo rosins which liavo boon floated to more 
than 200° C., see P. Esholz, J. Altondorf, Gorman Pat. Application E, 23,046, 
Cl. 22h (15th March, 1918); soo Bak<?litc G.in.b.H., Gorman Pat. 468,391, 
resins soluble in oil from formaldehyde and )3-naphthol. 

^ Chem. Fabriken Kurt Albert and Ludwig Berend, Gorman Pat. 264,411, 
269,669; also German Pat. 281,939 (1913); G. (1916), I, 410; Kunstst., 5, 68 
(1916); German Pat. 289,968 (1914); G. (1916), I, 318; Frdl. XII, 677, 679; 
German Pat. 438,371, 440,003, otc. ; British Pat. 1269 (1912); 16,876 (1914); 
107,205 (1916) 12, 14 (1922) ; U.S. Pat. 1,191,390(1916); 1,206,081-2 

(1916); 1,259,.347 (1918); Austrian Pat. 77,698; Swiss Pat. 72,631, otc. See 
Kunstst,, 7, 23, 323 (1917); 10, 101 (1920); 11, 79 (1921). 

* See, for ox^ple, Gorman Pat. 440,003. 

* In the United States analogous products are known as “ Amberol.” 

* See also E. Fonrobert, Farbenzeitung, 32, 1671, 1734 (1927); also W. 
Boissol, idem. 1974; W.*Wol£f, idem. 2086; E. Stock, idem. 2141; Albortol 
Pamphlet No. 18; also H. Wolff, W. Toeldto, G, Zeidler, Farhenzeitting, 33, 
1724 (1927-8). On Amberol varnishes especially, see A. E. Staudermann, 
H. L. Beakes, Itid. Etigin. Chem., 20, 674; G. (1928), II, 1164 

* Chem. Fabriken Dr. Kurt Albert, G.m.b.H., A. Amann, E. Fonrobert, 

U.S. Pat. 1,623,901; British Pat. 259,030; French Pat. 592,684, 696,339; 
O. (1928), II, 1039, 1040. * 

•Bakolite G.m.b.H., German Pat. 340,989 (1919); C. (1921), IV, 1178; 
Frdl. XIII, 647 ; Kunstst., 12, 28 (1922); regarding the condensation products 
of phenols and unsaturatod hydrocarbons, soe pp. 171 et seq. 

^ Bakelite Cor., British Pat. 293,463; Bakolite G.m.b.H., Gorman Pat. 
468,391. • 
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treated with organic acids soluble in benzene, such as stearic 
acid, oleic acid, resinic acid or colophony, and so forth,^ or 
if they are subsequently treated with polyralent or polycyclic 
phenols, for example, naphthols, in the presence or absence of 
colophony. 2 Solubility in benzene is stated also to be obtained 
if pyromucic acid is present in the ordinary process of resin 
production.^ Apart from other similar processes,^ we must 
refer to alterations in the solubility with occur if phenol 
derivatives are used, or if phenol-formaldehyde resins are sub- 
sequently transformed into similar derivatives, or by the use 
of aldehydes other than formaldehyde. With regard to such 
products, which are mostly of no importance, we must refer 
to the succeeding sections. 

In the varnish industry,® the “ Albertol Copals ” already 
play an important part as copal substitutes which are soluble 
in oil.® Two types of oil-soluble Albertols are mainly used, 
each of which is obtainable in various qualities. All these 
products'^ are more or less hard, clear resins, in lump form, 
which are odourless, non-adhesive, and free from ash, and 
which give acid values below twenty, indicating compatibility 
with colouring matters. They are all soluble in white spirit, 
benzene, solvent naphtha, tetraline, carbon tetrachloride, 
chloroform, turpentine oil, fatty oils and esters, such as ethyl, 
butyl and amyl acetate, and are all insoluble in acetone, spirit, 
and other alcohols. The two types differ somewhat with regard 

^ Bakolito C.in.b.H., R. Hossoti, Gorman Pat. 340,990, 410,858 (1922); 
Kunstst., 15, 182 (1925); British Pat. 206,469 (1923); French Pat. 27,803, 
531,467 (1923); Swiss Pal. 105,859 (1923); C. (1925), 1, 2471; soo also H. 
Buchoror, Footnote (1), p. 333. 

* Bakelito G.m.b.H., British Pat. 282,414; 283,124. 

® Plausons Forschimiaisinstitut, G.m.b.H., German Pat. 342,'^65 (1920). 

* See Brown, U.S. Pat. 1,212,738 (1917); Kunstat., 7, 237 (1917), who, for 
example, produces an oil varnish from tung oil, t lead -manganese drier, 
crosol, and formaldehyde. 

® On tho use of these products in linoleum manufacture, see F. Fritz, 
tieifemieder^Ztg., 51, 481 ; C. (1924), II, 2216. 

® The authors take the opportunity of thanking the producing firm, Chem. 
Fabrikon Dr. Kurt Aloort, G.m.b.H., Wiesbaden-Biebrich, for information 
supplied. 

’ See And^s, Kunatat., 9, 101, 119, 133 (1919); Farbenztg., 24, 1193, 25, 993 
(1919-20); Fonrobert, Farhenztg., 25, 719 (1920); Kunatat., 12, 121 (1922); 
13, 109 (mS); Farbe und Lack (mi), tli-, Farbenztg., 32, 1671, 1734 (1927); 
Berend, Angew.^ 36, 242 (1923); A. Eibner, H. Munzert, Farhenztg., 29, 1847 
(1924); see also F^)otnote (4), p. 365. 



PHENOL-ALDEHYDE RESINS 


367 


to their power of dissolving in fatty oils, but more especially 
with regard to fastness to light. The individual qualities are 
graded according to melting point (hardness) and colour.^ 

Thus, the oil-soluble Albertol-copals 116Q, 117R, and 118S, 
are supplied in qualities of normal colour (colour index, 48-56), ^ 
dark (colour index, 112-224), and very dark colour (colour 
index, 500-2,000). The three qualities have l3ie following melt- 
ing points — ^ 

Oil -soluble Albert ol Copal . . 95-105-140® C. 

„ „ „ niK , . 110-120-155° C. 

„ „ „ IISS . . 120-130-170® C. 

They become somewhat discoloured with time, and differ in 
this respect from the dearer qualities referred to below, but 
they may be considered as suitable substitutes for Congo and 
Kauri copals. In order to convert 116Q into an oil varnish, it 
suffices to dissolve it in the oil at 150-200^^ C. In the case of 
the other qualities it is necesary to “ boil ’’ them with the oil by 
prolonged heating to 200-250° C. in the case of 117R, and to 
250-270° C. in the case of 118S, in order to avoid the separa- 
tion of insoluble material on subsequent dilution. The ‘‘ boil- 
ing ’’ is completed when a sample dissolves perfectly in the 
solvent intended to be used for the oil varnish. 

Albertol copal 1 1 IL may be considered to be typical of the 
second type of oil -soluble copal substitutes ; it is obtainable in 
very pale qualities (colour index under 28), and is characterized 
by exceptionally good solubility, so that no preliminary boiling 
is necessary for the preparation of oil varnishes ; it is usually 
sufficient simply to mix the solution of the resin with the fatty 
% 

^ Those qualities only which are mentioned in the latest catalogues will be 
referred to below. • 

* The colour index (denoted in German by F.-Z.) is determined by the 
method of Fonrob<u’t and Pallauf, FarbenzUj., 31, 967, 1354 (1926). It indi- 
cates the number of megohms of free iodine in 100 cc. of a solution of that 
element in aqueous iodine -potassium iodide solution of the same depth of 
colour, the sample being examined in a layer 10 min? thick. 

® The first figure denotes tlie temperature at which sintering •commences, 
the second figure the temperature at which the substance melts and becomes 
clear, when the determination is effected in the usual manner in a melting- 
point tube in a sulphuric acid bath. The thfrd figure indicates the temperature 
at which the resin is melted to sutdi a dogrc»e that it can lx> well mixed by 
stirring. 
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oil or oil preparation. The product is exceptionally fast to 
light, although on heating to more than 60° C., when harden- 
ing, slight discoloration occurs. The melting point of Albertol 
Copal lllL is 95/105/140° C. A still better quality has recently 
been marketed, which is considerably harder, known as Albertol 
Copal 209L, of melting point 125/135/175° C. Owing to its hard- 
ness the product* is particularly suitable for coach varnishes 
and flatting varnishes, but is difficult to dissolve in the cold. 
For incorporation with fatty oils, heating to 240-250° C. is 
therefore recommended, until a sample can be diluted without 
precipitation. In this, as in other cases, it is advantageous to 
carry out the heating process in an atmosphere of carbon 
dioxide, in order to avoid darkening of the product. 

Albertol copals are fairly stable, being unattacked by water, 
sodium carbonate solution or ammonia, even on prolonged 
contact, and their surface gloss is in no way affected by these 
substances. 

The properties which have been described cause the oil- 
soluble Albertol copals to be excellent substitutes for natural 
copals and amber for the production of oil varnishes. They 
offer the advantage that no preliminary gum running ” pro- 
cess, with the accompanying considerable loss, is required, these 
products being equivalent to natural copals which have already 
undergone that process. They also offer the advantages over 
natural copals that, being synthetic products, they are obtain- 
able of uniform quality and great purity, and that, in contrast 
to Congo and Manilla copals, they can be directly mixed with 
any pigments. Their use is limited to some extent only for 
the production of white and light-coloured enamels.J^ It should 
be mentioned that oil varnishes prepared with certain Albertols 
occasionally show separation of abietic acid derivatives; this 
can be avoided by the addition of small quantities of cadmium 
resinate soluble in linseed oil.^ 

In addition to the types of Albertol copals already described, 
other Albbrtols have been recommended for the production of 

^ For working recipes, see, for t^xamplV), Kunatst., 13, 117 (1923); see also 
Albertol Pamphlet No. 16, on “ Varnish Recipes.” 

* Dr. K. Albert,^ 0.m.b.H., German Pat. 448,297 (1025). 
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oil varnishes, which are not only soluble in oil, but also in 
alcohol, and which are further characterized by high acid values 
up to 130 or 160.^ These correspond approximately to the 
Manilla copals. Owing to their acid character they are obviously 
unsuitable for certain purposes, which is a circumstance to be 
borne in mind when using these cheap products. They are 
especially suitable for the production of aci9-proof varnishes 
with tung oil, for which purpose they possess the advantage 
over neutral Albertol copals of exercising a similar retarding 
influence to colophony on the tendency of tung oil to form 
gels. 

Those Albertol copals which are used for oil varnishes are 
partially suitable for use in cellulose ester varnishes. ^ The 
products specially recommended for the latter purpose, qual- 
ities 78C and 82G, closely resemble the above-described oil- 
soluble products in properties. Thus they show the same solu- 
bility in various solvents, are also insoluble in spirit, but are 
soluble in acetone. Their melting point is 85/95/125® C. Their 
fastness to light is good. Whilst the quality 78C has a rather 
high acid value (up to 80), and is therefore not freely miscible 
with pigments, quality 82G has an acid value of not more than 
20. These resins are prepared in the usual manner. 

Various Derivatives of Phenol-formaldehyde Resins. Deriva- 
tives of phenol-formaldehyde resins may be obtained either by 
using phenol ethers or phenol esters in place of free phenols as 
raw materials, or by subsequently converting the finished 
phenol-formaldehyde resins into ethers or esters by suitable 
reagents. Differences are to be anticipated as the phenol ethers 
can only b^ caused to interact with formaldehyde with difii- 
culty.^ On the other hand, if the finished resins are subse- 
quently converted fnto ethers or esters it is uncertain to what 
extent the action is merely confined to free phenolic groups, 

^ Qualities 61L, ()2M, 6.W, and 112M. 

2 For example, Albertol lilL, 209L, 112M; undet some conditions only, 
the spirit-soluble types may also be \ised for this purpose, such as 35K, KQS 
extra pale and hard, and Albertol Shellac. In so far as the products prepared 
with colophony (abietic acid) cause separation in the corresponding spirit 
varnish, the fault can be avoided bf the addition of lithium resinate, which 
is soluble in alcohol; see German Pat. 448,297 of Dr. K. Albert (r.m.b.H. 

* See p. 179. 
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and to what degree it extends to alcoholic hydroxyl groups, 
formed by the action of the formaldehyde. 

When condensed under acid conditions, phenol ethers and 
formaldehyde^ form highly viscous oils or very hard, pale 
resins, according to the proportion of formaldehyde used ; the 
products are soluble in aromatic hydrocarbons, turpentine oil, 
fatty oils and of her organic solvents, with the exception of 
the alcohols. Similar resins are also formed if use is made of 
phenol ethers which are substituted by an alkyl or alkyloxy- 
group in the m-position,^ or of the alkyl ethers of tetrahydro- 
naphthols.’"* The production of plasticizing agents from ethyl- 
eneglycolmonoaryl ethers (CeHs . O . CHg . OH) and formalde- 
hyde^ is of interest, as is also the fact that the condensation 
products from esters of aromatic hydroxycarboxylic acids, such 
as salicylic acid, and formaldehyde^ form resins only very 
slightly soluble in alcohol, which are also but slightly soluble 
in benzene, but which can be used in the manufacture of 
cellulose ester varnishes, being very soluble in ether, amyl 
acetate, ethyl acetate, etc. Finally, reference must be made 
to a process, according to which diarylacetals (i.e. alkylene 
diaryl ethers, such as CHa(0 . C2H5)2 and CH3 . CH(0 . CeH5)2, 
which are produced by interaction of the corresponding methyl- 
ene chlorides with phenols, are condensed with formaldehyde.® 
According to the proportion of formaldehyde used, viscous oils, 
soft soluble resins or resins melting at a higher temperature and 
which are less soluble, and finally hardening resins, are produced. 
In consequence of the neutralization of the phenolic hydroxyl 
groups, such products show greater fastness to light than the 

* Farbw. vorm. Meistor, Liiniiis & Briining, (k'miari Pat. 406,1^2 (1919 ) ; Frdl. 

XIV, 627; German Pat. 400,999 (1919); 407,000 (1920); (/. (1926), I, 1816; 
Kunatst, 16, 166 (1926) ; see also German Pat. 40.3,264 919) ; ( 7 . (1926), I, 307. 

* Aktion-Ges. fiir Anilin-Fabrikatiou, Gorman Pat. 368,399 (1920); Frdl. 
XIV, 624; C. (1922), IV. 966. 

® Aktien-Gos. fiir Anilin-Fabrikation, Gorman Pat. 368,400 (1920); Frdl. 
XIV, 626; C. (1922), IV, 966. 

^ Farbw. vorm. Meistbr, Lucius & Briining, Gorman Pat. 364,042 (1920); 
(7. (1923), IF, 913; Frdl. XIV, 626. 

* Farbw. vorm. Meister, Lucius & Briining, Gorman Pat. 364,044 (1920); 

C. (1923), II, 922; Frdl. XIV, 1161; see also German Pat. 372,933 (1922); 
Frdl. XIV, 1162; C. (1923), IV, 602. «* 

* Farbw. vorm. Meister, Lucius & Briining, A. Voss, German Pat. 397,316 
(1922); O. (1924), II, 1412; Frdl. XIV, 1166; Kumtst., 14, 156 (1924). 
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corresponding Novolaks and Resoles and their solubilities also 
difiEer, these products being insoluble in alkalis and soluble in 
alcohol, acetone, ether, aromatic hydrocarbons, chloroform, 
and especially in linseed oil. 

Many variations in the solubility of the products can be 
effected by neutralization of the free hydroxyl groups of phenol- 
formaldehyde resins or of phenol-aldehyde resins in general, 
by alkyl, aralkyl or acyl groups.^ The fastness to light and air 
are simultaneously improved. Generally speaking, such subse- 
quent treatment of the phenol-aldehyde resins is too expensive^ 
to allow the products to compete with natural resins or with 
other synthetic resins. The only exception is probably afforded 
by the use for this purpose of p-toluenesulphochloride, which 
is obtained in large quantity as a by-product of saccharine 
manufacture.^ In addition, the preparation of the Albertol 
copals, described in the last section, may also be considered 
as a similar after-treatment, which is commercially possible. 

A few processes must be mentioned^ for producing 

^ A. Riebock’acho Montariworko A.-O., CJerman Pat. 436,445» additional to 
352,003, C. (1927), I, 190, i*ocommend the treatment in alkaline solution with 
allyl or vinyl halides of the condensation products obtained in presence of 
acids from phenols and formaldehyde. Clear, viscous, transparent masses are 
obtained which easily dry or solidify in the air. Both the resulting classes of 
other dissolve in alfiohol or ether, but the allyl ethers only are soluble in 
benzeme, and not the vinyl ethers. 

2H. Bucherer, Cerman Pat. 391,072 (1918); C. (1924), I, 2744; see also 
C. (1922), II, 704; (1923), II, 411; Frdl. XIV, 1151; German Pat. 399,677 
(1919); G. (1924), II, 1520; German Pat. 400,639 (1919); C. (1925), I, 309; 
French Pat. 520,319 (1920); G. (1921), IV, 873; British Pat. 148,139, 148,366 
(1920); G. (1922), II, 1222; M. Melamid, German Pat. 352,003 (1920); Frdl. 
XIV, 657; British Pat. 137,291-2-3 (1919); 143,185-7 (1920); G. (1921), IV, 
1068; Kunatst.f 11, 6 (1921); 6'. (1922), IV, 157; Farbw. vorrn. Meister, Lucius 
& Briining, German Pat. 372,933 (1922); C. (1923), IV, G02; Frdl. XIV, 1162; 
German Pat. B91,539 (1920); G. (1924), II, 1028; Kunstat., 14, 139 (1924); 
I. G. Farbenindustrie A.-G., German Pat. 439,962; G. (1927), I, 1531. 

® M. Jacobsohn, KmiUHat., 11, 105 (1921); W. Herzog, Kunatst., 16. 

* Collardon, German Pat. 274,875 (1913); G. (1914), II, ^1 ; Frdl. XII, 861; 
KunataLy 4, 256 (1914); U.S. Pat. 1,105,619 (1914); Austrian Pt. 82,543 (1913); 
G. (1921), IV, 45 French Pat. 453,395 (1913); Kunatat.y 3, 463 (1913); Heine- 
mann, German Pat. 310,282 (1915); G. (1919), II, 266; Frdl. XIII, 969; 
British Pat. 11,394 (1914); U.S. Pat. 1 176,056 {191(f) ; Aiistriari Pat. 82,489 
(1915) ; C. (1921), IV, 45 ; Dutch Pat. 2,806 ; Kunatat., 9, 123 (1919)* Norwegian 
Pat. 33,016 (1920); Holzverkolilungs-Lid. A.-G., Gorman Pat. 337,061 (1919); 
C. (1921), IV 219; Kunatat., 11, 190 (1921); Aktien-Ges fur Anilin-Fabrika- 
tion, German, Pat. 393,283 (1921);*P. Hdhi, German Pat. 189,947 (1906); 
U.S. Pat. 898,476 (1908); Ellis, U.S. Pat. 944,420 (1919); Townsend, U.S. 
Pat. 1,273,954 (1918). 
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phenol-formaldehyde derivatives containing arsenic or mercury. 
Such substances are intended for use as antiseptic paints, anti- 
fouling compositions for ships’ hulls, and also as seed disin- 
fectants, and as protecting agents for crops in general.^ 

A further application of phenol-formaldehyde condensation 
products must be referred to which has already attained con- 
siderable technical importance; water-soluble derivatives of 
these and other similar substances are used as S3mithetic tan- 
ning agents. 2 The first product of this kind was produced by 
Stiasny,® by condensing formaldehyde with phenolsulphonic 
acids under very gentle conditions. He obtained a syrupy 
liquid, of slightly brownish colour, which dissolved in water 
to a pale and perfectly clear liquid. The syrupy or less concen- 
trated liquids, which resemble natural liquid tannin extracts, 
are sold under the name of Neradol.^ They show certain reac- 
tions for vegetable tannins, giving, for example, dark blue 
precipitates with ferric salts, and precipitates with gelatine 
solutions and with lead acetate. They form exceedingly effec- 
tive tanning agents, which may be used either alone or in 
conjunction with natural tanning agents. The leathers obtained 
by their means are distinguished by their light colour. 

Numerous processes for the production of synthetic tannins 
have been proposed.® The required solubility of the products 

1 F. Raschig, Gorman Pat, 384,354 (1920). 

* Grasser, Synth etische Gerhstoffe, ihre Synthese^ ind^ietrielle Daretellung und 
Verwendung, Berlin (1920); A. Wagner, J. Paessler, Handbuch fiir die geaamte 
Qerberei urid Lederinditatne, I^ipzig (1925), pp. 679, 838, 849. 

» German Pat. 262,658 (1911). 

* These products are produced by the Badisohe Anilin- und Soda-Fabrik; 
Neradol D is obtained from phenolsulphonic acids and Neradol ND from 
naphthalenesulphonic acid (German Pat. 292,531). 

* Badischo Anilin- und Soda-Fabrik, German Pat. 260f379, 265,415, 
266,124, 282,850, 291,467, 300,567, 301,461, 349,727, 368,126, 382,217, 
388,680; British Pat. 189,190; Rohm & Haas, German Pat. 265,866, 266,916; 
Deutschkoloniale Gerb- und Farbstoffges. m.b.H., German Pat. 293,041-2, 
293,640, 293,693, 293,866, 294,825, 303,640, 306,795, 306,132; vorm. Friedr. 
Bayer & Co., Gennan Pat. 283,313, 409,783; Gesellschaft fur Chemische 
Industrie in Basel, German Pat. 285,772; Fr. Hassler, Gennan Pat. 328,340; 
J. R. Zink, German F^t. 344,033; 346,197; Chemische Fabriken Worms, 
German Pat. 368,621, 382,906, 386,469, 386,470, 392,461, 417,972; British 
Pat. 148,126, 148,897-9, 164,163, 164,162, 166,669, 166,670, 166,749, 167,861; 
Swiss Pat. 91,878; Elektrochemische Werke G.m.b.H., German Pat. 377,227, 
379,026, 384,878, 386,012; WeileJ-ter-JVfeer, German Pat. 383,189; Farbw. 
vorm. Meister, Lucius «& Bruning, German Pat. 408,871, 423,033; A. K&mpf, 
German Pat. 436,4j46 (1923); H. M. Mc-Arthur & Co., Ltd., R. B. Croad, G. E. 
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in water is attained either by using sulphonated raw materials, 
or by subsequently sulphonating the condensation products. 
It may also be attained, for example, by the use of polyvalent 
phenols or by treatment with sulphites. The acidity due to the 
sulphonic acid groups is sometimes neutralized by alumina or 
chromium oxide, by which means exceptionally valuable tan- 
ning agents are stated to be obtained. * 

Apart from the Neradol products, the following synthetic 
tanning agents are used in the leather industry: Ordoval ’’ 
products and ‘‘ Tannin F ” of the Badische Anilin- und 
Soda-Fabrik ; “ Carbatan products of Gerb- und Farbstoff- 
werke, H. Renner & Co. ; “ Corinal ’’ of Chemische Fabrik 
Worms; ‘‘ Ewol ” of Elcktrochemische Werke; ‘‘ Esco tan- 
ning extract of Chemische Fabrik, Jucker & Co., and many 
others. 

Similar products have also recently been used as wetting 
agents in fur-dying and for textile finishing, such as ‘‘ Leonil ” 
for examj^le.^ 

The condensation product of naphthalenesulphonic acid and 
formaldehyde has also been recommended as a de-rusting 
agent. 2 


RESINS FROM PHENOLS AND OTHER 
ALDEHYDES 

Phenol-furfurol Resins. The reaction between phenols and 
furfurol resembles that between phenols and formaldehyde, in 
so far as the former may also be carried to a stage at which 
insoluble, infusible products are formed, by prolonged heating, 
or hardening, of intermediate substances which are soluble and 
fusible. The phenol-furfurol resins are distinguished by the 

Knowles, U.S. Pat. 1,437,726, 1,44.3,697; British Pat. 182,823-4 (1921); A. 
Koetzlo, British Pat. 141,714 (1920); 144,617 (1920); Cheni. Fabrikon und 
Asphaltwerke A.-G., British Pat. 156,254, 157,855-6; Gk^rb- und Farbstoff- 
worke H. Rennor & Co. A.-G., British Pat. 1 71,729 f W. Moeller, H. Renner 
British Pat. 148,750; W. Moeller, British Pat. 194,815; French *Pat. 546,074, 
etc. 

* On application as wetting agtiiits for brake-bands, see British Dyestuffs 
Cor., Ltd., French Pat. 637,850; (7.*(1928H II, 2207. 

^ Zoellner-Werke A.-G., German Pat. 466,077; FarheU’Ztg.t 34, 216 
(1928-29). 
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fact that they are only obtainable of a dark or black colour, 
for which reason their use is restricted.^ 

Furfurol (furol, a-furane-aldehyde), CgHgO . CHO, has the 
constitution — 


HC- CH 

II II 

• HC C.CHO 

O 

It is a colourless liquid, which rapidly turns brown in the air, 
of boiling point 161“161*5° C., and specific gravity dg© 1-1694, 
soluble in 1 1 parts of water. It is j)roduced by the decomposi- 
tion of pentoses and indirectly from many carbohydrates, for 
example, by the action of dilute acids. Recently, in the United 
States the production of furfurol has been made very much 
less costly by the use of maize cobs and oat bran as raw 
materials, a yield of about 6 per cent of the weight of the raw 
material being obtained. ^ 

Being an aldehyde, furfurol easily undergoes condensation, 
for example with phenols, but its character as a furfurane 
derivative is also manifested by its considerable tendency to 
polymerization, in which it resembles cumarone. This tendency 
is the explanation of the formation of infusible, insoluble masses 
if the reaction is carried sufficiently far. This circumstance 
also explains the peculiar action of acid condensing agents, 
which greatly accelerate the polymerization of the condensa- 
tion products which are formed, similarly to their action 
in the formation of cumarone resin, whilst alkalies are less 
active in this respect. Phenol-furfurol resins are^thus, in a 
sense, provided with resinophoric groups from the commence- 
ment, whereas in the case of phenol-fornlaldehyde resins it 
must be assumed that these are formed in the course of the 

^ On the use of such resins for the production of black phenolformaldehyde 
resins, see Bakelite Cor., Cl. A. Nash, U.S. Pat. 1,624,995 (1924); C, (1926), 
I, 2261. Sec* also Urbanus, KunsUt.y 17, 29, 86, 108 (1927). 

> Mains, Chem. Met, 26, 779, 841 (1922); Roger Adams, Komm, 

Marvel, J. Ind. En^. Chem., 13,, 133 (^921); U.S. Pat. 1,367,467; Mains, 
Phillips, Chem. Met. Eng. Chem., 24, 661 (1921); Miner, Trickey, Brownlee, 
idem., 27, 363 (1922); The M me? Laboratories Bulletin, No. 2 (1926); Chem. 
Met. Eng., 27, 300.(1922). 
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condensation only. This may account for the fact that furfur- 
alcohol may be used instead of furfurol itself.^ 

The resinification of phenols with furfurol has been known 
for a long time,-* but was first investigated more closely by 
Beckmann and Dehn,^ who arrived at the following results as 
a result of many variations of the experimental conditions. 

The reaction velocity is largely dependent on the quality 
and quantity of the condensing agent and on the character of 
the phenol. The character of the final product depends largely 
on the proportions of the two componemts. 

If concentrated' hydrochloric acid is added to a solution of 
phenol and furfurol, a red dish- violet colour first appears, which 
soon changes to deep blue. The mixture becomes hot and, 
finally, solidifies to a hard black product which is not attacked 
by acids or alkalies, and is insoluble in such solvents as alcohol, 
chloroform, acetone and benzene. Tht^ product, which is 
approximately of the same hardness as Bakelite C, possesses 
a certain degree of elasticity. 

On varying the proportions of the components it is found 
that a mixture of equal parts of phenol and furfurol solidifies 
most rapidly, forming the end-product just described. In the 
presence of hydrochloric acid a fusible, non-hardening product, 
soluble in both acetone and alcohol, could only be obtained 
when not more than 10 to 20 per cent of furfurol was present, 
calculated on the phenol, and the excess of phenol finally dis- 
tilled off. 

The concentration of the hydrochloric acid affects the reac- 
tion-velocity very greatly. Whilst a mixture of equal parts of 
phenol and furfurol, to which about 0-7 per cent of concen- 
trated hydrochloric acid had been added, stood for three weeks 
before solidifying, and only hardened further very slowly, these 
phenomena took place very much more rapidly if 2^ per cent 
or more of acid was added. Thus, when 5 or 10 per cent were 

• 

^ Quaker Oats Co., J. P. Trickey, C. S. Miner, U.S. Pat. 236-6-7; 

C. (1928), II, 816. 

* Perioz, Wagners Jahresbericfite (1860), 487; Stenhoiiso, Proc. Roy, Soc., 
18, 537 (1870); aaisen, Ann., 237, 2'>2 (188^^). 

^ Sitzungsber. Kgl. PreMss. Akad. Wise., Berlin (1918), 1201; C. (1919), 
I, 440. 
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added soldification occurred within one hour, and the product 
became quite hard within one day. 

Alcoholic or gaseous hydrochloric acid, sulphuric acid,^ and 
phosphoric acid behave similarly to a strong, aqueous hydro- 
chloric acid. On the contrary, organic acids, such as acetic, 
tartaric, benzoic and oxalic acids, influence the condensation 
but slightly, eVen on prolonged heating. ^ Aniline hydro- 
chloride and hydroxylamine hydrochloride are effective, whilst 
ammonium chloride does not induce the reaction to proceed to 
the final product. Organic halogen compounds which liberate 
halogen hydride, such as acid chlorides, epichlorhydrin, acetyl- 
ene tetrachloride and carbon tetrachloride are also recom- 
mended.^ According to Beckmann and Dehn, metallic chlor- 
ides of zinc and aluminium, also have an accelerating effect. 
Lead acetate, the iron salt of pyromucic acid,^ and finely- 
divided metals® may also be used. The reaction may also be 
assisted by working under pressure. 

Basic condensing agents act in a manner essentially different 
from that of acids. Whilst the use of acids leads directly to the 
formation of the end-products, stable intermediate products of 
soluble, fusible but hardening character can conveniently be 
obtained by basic condensing agents;® the extremely slow 
course of the reaction in this case is, howcvet, very noticeable 
compared with the rapidity of the phenol -formaldehyde con- 
densation under similar conditions. Thus, mixtures of equal 
parts of furfurol and phenol or cresol, in presence of 10 per 
cent of powdered sodium or potassium carbonate, require to 
be heated for tliree hours to 100^ C. before forming a solid, 
brown rubber-like mass, which dissolves in alcohol or benzene 
to form a clear varnish, and which is converted into the insoluble, 

' Steinitzer, (jennan Pat. 306,624 (1917); Kunatat.^ 10, 10 (1920). 

2 Trickoy, Minor, Brownlee, J. hid. Eng. Chem., 16, 05; (7. (1923), IV, 211. 

* Bakelito CJea. ni.b.H., Swiss T*at. 85,076; 86,308; Kunstat.y 11, 62 (1921); 
C. (1920), 11, 496; Austrian Pat. 86,764; C. (1922), IV, 714. 

* Quaker Oats Co.. J.^P. Trickev, C. S. Mintsr, U.S. Pat. 1,665,233 ; C. (1928), 
II, 816. 

® Quaker Oats Co., J. P. Trickoy, C. S. Miner, U.S. Pat. 1,665,234; C, 
(1928), II, 816. 

® Basic salts may also bo used’; Meunier, French Pat. 23,821, addition to 
French Pat. 472,3^; C. (1922), TV, 800; Kunstat, 12, 164 (1922); Meunior, 
Rev. thim. ind., 32r 103; C, (1923), IV, 113. 



PHENOL-ALDEHYDE RESINS 


377 


infusible condition on further heating. It is interesting to 
note that in contrast to this behaviour of phenol and to that 
of /i-naphthol, a-naphthol shows an exceptional reactivity in 
this case. According to Trickey, Miner and Brownlee, a pro- 
portion of about 1*25 mol. furfurol to 1 mol. phenol is advisable 
for the production of insoluble resins by alkaline condensation. 

Phenol-furfurol resins have been recommended for the pro- 
duction of press-mouldings, for impregnating paper, and so 
forth.^ It is stated that they are exceptionally suitable for 
cold moulding. 2 It appears that furfurol is only commonly 
used in conjunction with formaldehyde, either by adding form- 
aldehyde, hexamethylene tetramine, and so forth, to phenol- 
furfurol resins in order that they may be more easily hardened, 
or conversely, by the addition of furfurol as an after-treat- 
ment of phenol-formaldehyde resins or other condensation 
products (for example with acetaldehyde).^ According to 
Stokes, deep black, lustrous resins so produced are especially 
used for the manufacture of gramophone discs and printing 
matrices. 

Phenol-acrolein Resins. The condensation products of acro- 
lein with phenols can be hardened, just as can those from fur- 
furol and phenols, i.e. they can be converted by heating into 
an insoluble and infusible condition. In this case also the cause 
of the hardening process is the tendency to polymerization, 
which is strongly marked in uncombined acrolein (see page 
84 et seq,), that is to the terminal vinyl group. 

The production and utilization of such resins proceeds in an 
exactly analogous manner to that of the phenol-formaldehyde 

* See NovotrfkS U.S. Pat. 1,377,619 (1921); printing plates: U.S. Pat. 
1,398,148 (1921); gramophone discs; U.S. Pat. 1,398,147 (1921). 

* The stickiness of tho^resins is stated to be overcome by the addition of 
zinc stearate or aluminium palmitate ; see C. Ellis, T. S. Huxham, U.S. Pat. 
1,671,447 (1922); C. (1926), I, 2854. 

* Novotny, Kendall, U.S. Pat. 1,398,146 (1921); J. S. Stokes, British Pat. 
243,470 (1924); C. (1926), II, 1595. 

^ Felten & Guilleaume Carlswerk Akt.-Ges., Gomiarf Pat. 363,917 (1919); 
366,626 (1920); C7. (1923), II, 257, 754; KunatsL, 13, 70 (1923); H.* O. Keay, 
Canadian Pat. 246,798 (1924); C. (1926), I, 210, grinding discs; Plausons 
Forschimgsinstitut G.m.b.H., German Pat. 352,521 (1920); KumtsLf 12, 
133 (1922), on hardening natural and synthetic resins; C. Ellis, U.S. Pat. 
1,592,296 (1922); 1,692,773 (1923); C\ (1926), II, 1594, on the after-treatment 
of phenol -acetaldehyde and butyraldehyde resins. 

25— ( 5647 ) 
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resins, the components being heated together in presence of 
substances of alkaline reaction,^ or in the presence of con- 
densing agents generally, ^ until a soluble initial condensation 
product is formed or until the end-product is produced. The 
polymers of acrolein, which are obtainable by the action on 
acrolein of smalj quantities of alkali, may be used instead of 
acrolein itself. The end-products are insoluble, infusible masses, 
of yellowish to brown colour, which cannot be scratched and 
are bad conductors of electricity, for which reason their use 
has been recommended for the production of objects required 
by the electrical industry. 

Phenol-acetaldehyde Resins. Acetaldehyde behaves in an 
essentially dissimilar manner from formaldehyde and the other 
aldehydes mentioned above (furfurol and acrolein), as on con- 
densation with phenols it forms soluble, fusible and non- 
hardening resins only. These products arc distinguished by 
solubility in benzene hydrocarbons and miscibility with fatty 
oils, but the character of the products is not altogether satis- 
factory, especially with regard to colour. 

The fact that resins are formed by the action of acetaldehyde 
on phenols (phenol, pyrogallol),*^ naphthols,'^ resorcinol,^ and 
so forth, in the presence of acid condensing agents, such as 
sulphuric acid;*"* and hydrochloric acid^ was discovered by 
Baeyer in 1872,^ and was then investigated in detail by Claus 
and Trainer,^ and by Michael and Comcy.^. (See page 178 
et seq.) The technical exploitation of the products was first sug- 
gested by Smith,® who proposed to use the resin obtained in 
alcoholic solution by means of hydrochloric acid or sulphur 
dioxide, for the production of a substitute fo^ ebonite and 
wood and as an insulating material. As is well known, 

1 Ch. Moureu, Oh. Dufraisse, German Pat. 382,903 (1920) ; C. (1924), I, 1716 ; 
British Pat. 141,059 (1920); Kunstat.^ 10, 183 (1920); soo also British Pat. 
141,058 (1920); F’ronch Pat. 528,498 (1920); Kunsm., 12, 104 (1922). 

2 J. McIntosh, E. \>akle, Canadian Pat. 229,397 (1922); C. (1924), I, 1717; 
Kunatat.y ^4, 71 (1924). 

» Ber., 6, 26, 280, 1094 (1872); Fabinyi, Bcr., 11, 283 (1878). 

< Ber., 19, 3004 (1886). 

* Am. Chem. Journ., 6, 349 /,1883-^); in this article tho use of alkaline 
condensing agents is also mentioned. 

•A Smith, German Pat. 112,685 (1899); Chem. Ztg. (1900), 740; British , 
Pat. 16,247 (1899); U.S. Pat. 643,012 (1900). 
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phenol-formaldehyde resins have proved far better for such pur- 
poses. The acetaldehyde products can be endowed with a certain 
degree of hardening capacity if the condensate with phenols 
is subsequently treated with formaldehyde, hexamethylene- 
tetramine, or similar agents.^ 

Acids are the condensing agents mainly us^d for the reaction 
between phenols and acetaldehyde. ^ As the one component, 
the acetaldehyde, is a very volatile substance, the reaction, 
which proceeds very violently in presence of condensing agents, 
must be retarded by suitable means, or otherwise so effected 
that no losses occur. This may be secured by the gradual 
addition of paraldehyde, for example,^ and by allowing 
to stand for some time after each addition, after which 
the batch is heated for a short time to 150® C. According to 
other processes the aldehyde is introduced in the gaseous 
condition, in which case it is found advantageous to dilute it 
with inert gases, such as nitrogen or carbon dioxide,^ in order 
to be able to control the reaction. It is also stated that the 
reaction may be carried to an exceptionally advanced stage 
in the presence of organic solvents, such as carbon tetrachloride, 
trichlorethylene, and so forth,® in which case softening points 
of 75-95® C. and over are alleged to be attained. The proposal 
has also been made to carry out the reaction in an autoclave 
in an atmosphere of compressed inert gas, such as nitrogen.® 
After the reaction has been effected in one manner or another 


1 B. Bakelite, (Jos. m.b.H., Gorman Pat. 375,0^8 (1018); G. (1923), IV, 602; 
Swiss P»t. 87,803; Canadian Pat. 228,557; U.S. Pat. 1,598,546; Pottor, Fleet, 
Damard Laquer Co., Ltd., British Pat. 160,347 (1920); C. (1022), IV^ 381; 
Kunatet.j 13, 21 (1023); D. S. Kendall, Condensite Co., British Pat. 159,164 
(1920); ( 7 . (192f), IV, 45; Canadian Pat. 23*2,251 ; and others. 

* Bases and acid or basic salts have also been recommended : Bakelite 
G.m.b.H., German Pat. ,?75,638 (1918); G. (1923), IV, 602; vSwiss Pat. 87,893 
(1919). additional to 85,572; G. (1921), TV, 269; KunHst., 11, 15, 47 (1921); 
Canadian Pat. 228,557 (1922); G. (1924), I, 517. 

» C. Ellis, U.S. Pat. 1,500,303 (1923); G. (1926), II, 1470; Kunstst,, 16, 254 
(1926). 

« Progress A.-G., German Pat. 426,866 (1923); C. (1926), II, 1206. 

® Farbw. vorm. Meister, Lucius & Briining, German Pat. 365,286 (1920); 
FrdL XIV, 1183; G. (1923), II, 922. 

•Canadian Electro Products Co., ^.td., y.S. Pat. 1,663,302; G. (1928), 
II, 816; HCl, chlorides of sulphur, cliloridos of phosphorus, and 
chlorides of organic acids are described as condensing agents, in quantities 
up to 
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it is completed by heating for some time, after which the 
condensing agent is neutralized if necessary, and the uncom- 
bined raw materials and water of reaction are removed by 
distillation in a vacuum or in a current of steam. 

In place of actual acetaldehyde, or its polymers, the use of 
nascent acetaldeljyde has been suggested, by leading acetylene 
into a solution of the phenol, to which mercury salts and acids 
are added.^ 

For example, mercuric oxide is dissolved in 30 per cent sul- 
phuric acid, crude phenol or cresol is added, and acetylene led 
into the liquid with vigorous stirring. After absorption is com- 
plete the viscous reaction product is separated from the aqueous 
solution and washed, after which the excess of phenols is 
expelled in a current of steam. The resinous condensation 
product may be freed from mercury by dissolving in alcohol 
or benzene. 

The resins obtained in this way from acetylene and phenols 
may be converted into harder products of higher melting points 
by treatment with aldehydes, such as acetaldehyde, or even 
into insoluble and infusible products, with formaldehyde or its 
equivalents.^ 

Similar products are presumably formed by a process con- 
sisting in acting with alkaline reagents on wood distillation 
products, which are well known to contain both aldehydes and 
phenols.^ The acid oils, containing phenols, from lignite tar 


^ Chem. Fabrik Giistrow, Dr. HillringhauB & Dr. Heilmann, German Pat. 
422,904 (1914); C. (1926), 1, 2862; Melamid, British Pat. 163,679 (1920). 
(7. (1921), IV. 838; French Pat. 627,112; G. (1922), 11, 660; Norwegian Pat; 
33,966 (1920); Kunstst.^ 12, 166 (1922); see also Consortium fiir elektrochem. 
Ind. G.m.b.H., French Pat. 693,'338 (1926); Austrian Pat.<103,106 (1926); 
C. (1926), II, 1791 ; J. A. Nieuwland, British Pat. 183,830; C. (1923), IV, 961 ; 
Kunetstf 13, 125 (1923) ; on the course of the reactioif, which is quite analogous 
with that with acetaldehyde, see H. H. Wenzke, J. A. Nieuwland, J. Am, 
Chem. Soc., 46, 177; C. (1924), I, 1031. 

* J. S. Stokes, F. E. Novotny, D. S. Kendall, U.S. Pat. 1,470,637 (1922); 
C. (1926) II, 1469; K^mtaL, 16, 254 (1926). 

® Canadian Electro Products Co., Ltd., H. W. Matheson, Canadian Pat. 
239,863 (r922); British Pat. 227,216 (1923); 0. (1926), 11, 1472; KunHtt., 
16, 266 (1926); the same and F. W. Skirrow, Canadian Pat. 260,294 (1922); 
British Pat. 232,277 (1923); C. (^1926), II, 1473; Kunstat., 16, 231 (1926). 

« P. Camus & Co., P. Bardy, German Pat. 234,806 (1908); Frdl, X, 1068; 
a. (1911), II, 118; Kunatst., 2, 166 (1912); British Pat. 402,907 (1908); see 
R. P. Duchemin, Bull. Soc. Chim. (4), 7, 473; C. (1910), II, 604. 
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and low temperature tar have also been subjected to the action 
of acetaldehyde, oil-soluble resins being so obtained. ^ Oil- 
soluble products are also formed with <7r-tetrahydronaphthols.2 

Improved products, showing better solubility in linseed oil, 
are stated to be obtained by the condensation of phenol-acet- 
aldehyde resins with natural resins, such as colophony,^ a 
reaction similar to the familiar method of production of the 
Albertols, but which results in no such decisive improvement 
in the solubility, as the original products are already soluble 
in benzene and in oil. 

The production of phenol-acetaldehyde resins has also been 
developed in another direction, namely, by replacing the very 
volatile acetaldehyde or its polymers by the condensation 
products of acetaldehyde, aldol and crotonaldehyde. In the 
presence or absence of condensing agents these interact with 
phenols,^ or with partially etherified polyvalent phenols,^ to 
form oily linseed oil substitutes or resinous products. In order 
to obtain products more resistant to heat, the recommenda- 
tion has been made to carry out the condensation in the 
presence of water and mineral acid.® The soluble and fusible 
products so obtained become insoluble and infusible by subse- 
quent treatment with formaldehyde.’ The solubility and elas- 
ticity of the soluble and fusible products can be improved by 
effecting the condensation in the presence of natural resins, or 
by subsequently melting them together with these.® Finally, 


’ Chem. Fabr. Worms, British Pat. 156,740 (1921); ( 7 . (1921), II, 808. 

® AkJ^.-Gras fiir Anilin-Fabrikation, German Pat. 356,224 (1918); Frdl. XIIJ, 
1119. 

* Farbw. vonn. Meistor, Lucius & Briining, German Pat. 374,379 (1920); 
Frdl, XIV, Ufi5; German Pat. 376,729 (1921); Frdl. XIV, 1186. 

* Farbw. vorm. Meister, Lucius & Briining, German Pat. 364,041 (1920); 
Frdl. XIV, 1173; G. (¥123), H, 921. 

* Farbw. vorm. Meister, Lucius &, Briining, German Pat. 364,043 (1920); 
Frdl. XIV, 1174; G. (1923), II, 921. 

* Farbw. vorm. Meistor, Lucius & Briining, G. Balle, H. Wohlers, German 

Pat. 406,153 (1922); G. (1925), I, 1817; Frdl XIV, 1179; Kwistat, 15, 165 
(1926). • 

’ Farbw. vorm. Meister, Lucius & Briining, G. Balle, German* Pat. 388,792 
(1921); the same and A. Steindorff, German Pat. 388,795 (1922); G. (1924), 
II, 550; KunetsU, 14, 139 (1924); Frdl. XIV, 1176, 1176. 

® Farbw, vorm. Meister, Lucius &*Bruniilg, A. Steindorff, F. Giloy, G. Balle, 
H. E. Wohlers, German Pat. 388,794 (1922); G. (1924), II, 661 ; Frdl XIV, 
1177; Kur^M., 14, 139 (1924). 
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the products can be endowed with solubility in dilute alkalies 
by interaction with monochloracetic acid, a modification which 
should make them suitable for use as shellac substitute for 
certain textile finishing operations.^ 

Phenol-acetaldehyde resins, in the wider sense, have been 
recommended for use as varnish primings, as impregnating 
agents, as adhesifes for the production of printing matrices, 
panelling, etc.^^ On the addition of hexamethylene-tetramine 
to a solution of phenol-acetaldehyde resin for the production 
of a hardening binding medium, for use in the manufacture of 
laminated products similar to hardened paper, see Novotny.^ 
Resinous products which arc especially suitable for cold press- 
moulding have been described by C. Ellis.® 

Resins from Phenols and other Aldehydes or Ketones. In 

the main the synthetic resins obtained by condensing phenols 
with other aldehydes or with ketones closely resemble those 
obtained with acetaldehyde. They differ from resoles by the 
absence of any well defined capacity for being hardened, which 
can only be imparted to some extent by subsequent treatment 
with substances such as formaldehyde, hexamethylene-tetra- 
mine, and furfurol. The products arc also more universally 
soluble than the resoles in organic solvents, being most of them 
soluble not only in alcohol, but also in benzene, fatty oils, and 
so forth. The resins b(ilonging to this class are of but little 
practical importance, if only an account of the high cost of the 
aldehydic or ketonic components. 

The condensation of phenols with butyraldehyde in the 
presence of acid condensing agents has been dealt with by 
C. Ellis.® The resultant resins are intended for use in varnishes 

* f 

* Farbw. vorrn. Moisior, Lucius & Briining, G.^ Ballo, German Pat. 
388,793 (1922); G. (1924), II, 651; Kunsiat., 14, 139 (1924); Frdl. XIV, 
1178; I. G. Farbenindustrio A.-(S., Gorman Pat. 439,962; C. (1927), I, 
1631. 

8 J. S. Stokes, British Pat. 176,828 (1920); C. (1922), IV, 638; KunsUt, 
12, 164 (1922). 

* On the pivjduction of drying agents, see H. Rauch, Gorman Pat. 402,639 
(1922); Kunatat., 16, 12 (1926). 

^ U.S. Pat. 1,440,097 (1922). 

» U.S. Pat. 1,646,693; C. (1928), 11, 816t 

* U.S. Pat. 1,477,870 (1922); C. (1926), II, 1470; Kunatat., 16, 264 (1926); 
see also Bakelito Cor., U.S. Pat. 1,667,872; C. (1928), II, 816. 
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and as adhesives. The interaction of tiglic aldehyde with 
guaiacol, cresol and pyrogallol-dimethylether was investigated 
by Dpebner^ in view of the probable constitution of guaiacum 
resin as a condensation product of phenols with aldehydes. 
A shellac substitute is stated to be produced by the condensa- 
tion of phenols with glyoxal.^ 

Among aromatic aldehydes, benzaldehyde* has been studied 
particularly closely with regard to its condensation products 
with phenols. Thus, yon Baeyer^ already obtained resinous 
substances from benzaldehyde and pyrogallol or resorcin in 
the presence of hydrochloric acid or strong sulphuric acid. 
The reaction was more closely studied later by Michael,^ who 
included phenol and salicylic aldehyde in his investigations. 
Further attention was also devoted to the effect of variations 
in the character and quantity of the condensing agent. It is 
of interest to note that these resins become brown in the air 
in consequence of oxidation, a difficulty which is particularly 
marked when condensation is effected in an alkaline medium. 
Among new developments regarding the production of sub- 
stances of this clmracter, it has been found that benzal chloride 
can be condensed with phenols in the presence of small amounts 
of ferric chloride.*^ It has been found that benzotrichloride 
can also be used, and also toluenes which are chlorinated in 
the side chain.® 

In pat(ait spetnfications the use of ketones instead of alde- 
hydes for condensation with ketones is sometimes recom- 
mended. The reaction occurs in a similar manner to that with 
aldehydes. Thus,’ from 2 mol. phenol and 1 mol. acetone in 

1 Arch. Phemn., 234, 610 (1896); (18ll7), I, 167. 

2 Weiler-ier-Meer, German Pat. 362.381 (1919); Frdl. XIV, 1195. 

» Her. 5, 25, 280, lOllI (1872). 

* Am. Chem. Journ., 5, 338 (1883 -4). 

® Dynarnit A.-G., vorm. A. Nobol &. Co., German Pat. 355,389 (1920); 
Frdl. XIV, 1199. See also the investigations of Gluud and Breuer, Oea. 
Ahhandlungen zur Kenntnia der Kohle^ 4, 221 (1919-1^20); C. (1921), II, 855; 
Phenol or Cresols with Benzaldehyde : Beckmann, Dehn, Sitzungaber. Kgl. Prema 
Akad. Wigs., Berlin (1918), 1201; C. (1919), 1, 440; Phenol, furfurol and 
Benzaldehyde, etc. On rosin production from hydrobonzamide and phenol, 
see Karpen & Bros., British Pat. 9,^2 (1914). 

« Ellis-Foster Co., U.S. Pat. 1,648,852; C’. (1928), II, 814. 

’ Zincke, Ann., 343, 85 (1905); Ann., 388, 299 (1912); 400, 33 (1913). 



384 


ARTIFICIAL RESINS 


hydrochloric acid solution, the crystalline product p-dihydroxy- 
diphenyl-/?-/J'-propane is formed — 

OH . CeH,— C— C,H 4 . OH . 

H,C CH, 

Corresponding products are also obtained with cresols, but in 
general such products show a very decided tendency to cry- 
stallization. Therefore condensation products from phenols and 
ketones are usually only recommended for the production of 
resinous materials either in the simultaneous presence of alde- 
hydes, or with subsequent treatment with aldehydes, and 
especially with formaldehyde, which substance also confers 
hardening properties on the product.^ 

The same principle underlies the process of Chemische Pabrik- 
en. Dr. Kurt Albert, C.m.b.H., which is carried out in a similar 
manner to the process of the same firm for the treatment of 
phenol-formaldehyde resin. (See page 327.) The product first 
obtained from phenols and ketones, for example, under the 
influence of hydrochloric acid, is subsequently treated with 
formaldehyde in alkaline solution. ^ 

Condensations of cyclic ketones with phenols or their hydro- 
genated derivatives result in the production of resins which are 
more particularly intended for additions to .other products, 
such as resins, cellulose products and rubber.^ Mixtures of 
cyclic ketones, such as cyclohexanone, with phenols may be 
caused to interact with aldehydes of various kinds to form 
various resinous products, some of which are soluble in linseed 
oil.^ • 

Resins soluble in weak alkalies can be obtained by the con- 
densation of aldehydecarboxylic acids or ketonecarbt!ixylic acids 

1 Beatty. U.S. Pat. 1,113,926 (1914); 1,168,96a (1916); 1,226,748-9; 

1,225,760 (1917); Kunstat., 8, 9 (1918); French Pat. 447,647 (1912); British 
Pat, 18,824 ((1912); Kunatat., 4, 76 (1914); Austrian Pat. 67,693; Kunatat., 
6. 130 (1916); Belgian Pat. 252,592; Kunatat., 3, 275 (1913); Intosh, U.S. 
Pat. 1,448,666; Kunatat., 14, 44 (1924); 16, 254 (1926); C. (1926), II. 1468; 
Terwilliger, British Pat. 018,277, 218,638 (1924); French Pat. 683,682 (1924;) 

0. (1926), II 4 , 1474, etc. 

* U.S. Pat. 1,614,172; British Pat. 261,522; French Pat. 696,071 ; C. (1927), 

1, 1891. 

1 • Y. Johnson, British Pat. 276,518. * 

* Badiacho Anilin- und Soda-Fabrik, O. Schmidt, K. Seydel, German Pat. 
407,668 (1922); C. (1926), I, 1818; Kunatat., 16^ 166 (1926); FrdL XIV, 1182. 
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with phenols.^ On the other hand, condensation products of 
phenols with aldehydes other than formaldehyde, which are 
insoli^le in alkali, can be obtained by neutralizing the free 
hydroxyl groups by the attachment of alkyl or acyl groups. 2 

DETECTION AND INVESTIGATION OF 
PHENOL ALDEHYDE RESJNS 

This section deals primarily with the resins obtainable from 
phenols and formaldehyde, which are of far greater importance 
than the other similar products. The methods described are, 
however, directly applicable to the other resins. 

Detection. Phenol-formaldehyde resins, and especially the 
hardened products, can be identified by the circumstance that 
they liberate considerable quantities of free phenols on decom- 
position. Thus, many such resins liberate sufficient quantities 
of phenols for identification on heating with strong caustic 
soda solution, and all on iieating strongly with soda-lime.® 
A considerable quantity of phenols is liberated by dry distilla- 
tion only, so that this method is preferable.^ 

The sample to be investigated is finely powdered and heated 
in a retort or distilling flask in a current of nitrogen, the vapours 
being condensed,^ The distillate may conveniently be led almost 
to the bottom of a conical flask by a suitably bent tube ; the 
flask is provided with a stopper and with an outlet tube which 
acts as an air cooler. In this manner the following proportions 
of phenol were obtained from commercial samples of known 
origin— 

From Juvelith . . , 17’8% phenol 

,, Resan .... 20*5% .. 

^ Dekorite . . • . 24*2% ,, 

,, Faturan . . . 21*7% ,, 

With regard to the origin of the phenol which is so liberated, 
Herzog states that it is probably loosely combined in the resin 
in the form of phenyl-ether, — O . CeHg. 

^ Farbw. vorm. Meister, Lucius & Brtining. German Pat. 362,382 (1920); 
C. (1923), 11, 920; Frdl. XIV, 1160. 

* H. ]5ucherer, German Pat. 399,675^ (1919); Frdl. XIV, 1166. 

* Steinitzor, Kunstst., 6, 109 (19i6). 

* W. Herzog, Angew., 34, 97, 169; O. (1921), II, 1067; IV, 195. 
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The identification of the phenols so liberated offers no diffi- 
culties, and in this way the nature of the phenolic component 
of a given phenoplast can readily be ascertained. ^ 

Investigation. When testing phenol-formaldehyde resins it 
must be recognized that very various products have to be dis- 
tinguished, for example, hardening and non-hardening resins, 
and varieties solttble in acetone, spirit, and so forth, or soluble 
in oil, and that the requirements vary greatly from case to 
case according to the intended application. 

Appearance and Odour. The solid phenol-formaldehyde 
resins are sold almost exclusively in lump form and only seldom 
as powders. They form transparent masses of the same char- 
acter as natural resins, but should offer the advantage of being 
free from impurities. Recently, success has been achieved in 
producing all these products, i.e. the Novolaks, the oil-soluble 
and the hardened products, free from phenol and, therefore, 
in practically odourless form. Whilst complete freedom from 
odour should be insisted on in the case of resins intended for 
varnish production, this is not necessarily the case for harden- 
ing resins, for which this condition is often waived, thus 
enabling cheaper products, containing free phenol, to be used. 

The liquid phenol-formaldehyde resins are more or less viscous 
substances, which are also obtainable in odourless qualities. 
They are capable of being hardened. They become more viscous 
on storage, for which reason, if importance is attached to the 
maintenance of uniform working conditions, viscosity determin- 
ations are necessary, for which the well-known falling sphere 
viscometer is especially suitable.^ • 

Colour and Fastness to Light. Phenol-formaldehyde resins 
are usually pale brown to ‘dark brown in colouiC but certain 
qualities of the Novolak and oil -soluble ^^ypes, used for pre- 
paring varnishes, are supplied in qualities which are quite pale 
or colourless. In connection with the oil-soluble Albertol copals, 
an exact method pf indicating the depth of colour has been 
evolved Vy Fonrobert and Pallaud,® the use of which may be 

^ Regarding; tliis, see J. ScheiWr, Ladie und ihre Boiistoffe^ Leipzig (1926), 
pp. 479 et seq. 

* Farbmzig., :U, 967, 1354 (1926). 
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recommended in other cases in which the colour affects the 
value of a resin product. The depth of colour is measured by 
compfifison with that of a solution of iodine in aqueous potas- 
sium iodide, and is indicated by a so-called colour index, which 
is defined as follows. 

“ The colour index (F.Z.) of a resin or other product indicates 
the number of milligrams of free iodine in 100 c!c. of an aqueous 
iodine-potassium iodide solution of the same depth of colour, 
whereby the sample under examination is observed in the form 
of a layer of 10 mm. thickness.” 

The colour intensities of the sample and iodine solution are 
always compared by transmitted light, and this may be done 
in similar test-tubes of 10 mm. bore, the iodine solution being 
diluted with distilled water until the colour intensities are 
equal and the contents of free iodine in 100 c.c. of the solution 
then determined by titration in the ordinary manner. By the 
preparation of a colour scale of iodine solutions of known con- 
centration the titration of the iodine in each individual case is 
rendered unnecessary. 

The colour intensity may also be determined by varying the 
depth of the comparative solution, for example, until the sample 
and the comparative solution appear to be of the same colour 
intensity by transmitted light. For this purpose colorimeters 
are suitable, which enable the depth of the layers to be deter- 
mined directly.^ In this method the assumption is made that 
the depth of colour is proportional to the depth of the liquid. 
As this is not the case for linseed oil, varnishes, resins, and so 
forth, Ponrobert and Pallauf recommend that such materials 
should be examined in a layer 10 mm. thick, and that the height 
of the iodine ^'solution should be varied, as this latter corre- 
sponds to the above-mentioned assumption, it being recognized 
that its colour intensity varies proportionally to the iodine 
concentration. The colour index can then be calculated from 
the iodine contents of the solution in milligrams per 100 c.c. 
(6), the depth of the iodine solution millimetres (H,),»and the 


^ On I^llige’s colorimeter see Ubbcdohde,*Pefr,, 10, p. 275 (1914-16); on 
the colorimeters of Duboscq and others, see J. Jnd» Eng. Chem.^ 14, 269, 274 
(1922). 
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depth of the layer of the sample in millimetres (H,), which latter 
should be as nearly as possible, 10, from the following formula — 


Colour index = 


Hi 

Hb’ 


a. 


Fonrobert and Pallauf have constructed an apparatus^ for 
rapid determination by this method with an accuracy of about 
5 per cent, in \Phich the variations in the depth of the com- 
parative layer are effected by means of a set of hollow glass 
prisms (so-called indigo prisms), which are interchangeable and 
movable across an observation slit. The prisms are provided 
with scales and are filled with standard iodine solutions, con- 
taining, for example, 4, 16, 64, and 256 mg. of free iodine per 
100 c.c. Incompletely filled bottles or prisms such solutions 
remain practically unchanged, and those only containing less 
than 4 mg. of iodine per 100 c.c. need to be tested from time to 
time and replaced if necessary. 

According to Fonrobert and Pallauf, iodine solutions of this 
kind are exceptionally suitable for these colorimetric deter- 
minations as their shade corresponds “ in a quite ideal man- 
ner ” to that of colophony, most natural and synthetic resins, 
varnishes, oils, and so forth. 

Resins can be tested for fastness to light in a very effective 
manner by exposing their concentrated solutions in spirit to a 
light source, and measuring the colour index from time to time. 
Similar investigations can, of course, be carried out with the 
solid resins and with films. 

Melting and Softening Points. Phenol-formaldehyde resins 
intended for varnishes should possess the highest possible melt- 
ing and setting points, whilst the hardening qualities need only 
exceed certain lower limits of melting point of about 50° C. ; 
this is of importance, so that failure of tht reaction to proceed 
up to a certain point may be detectable. The determination 
of the melting and softening points of non-hardening resins is 
effected by the mrethods used for resins in general. A sample 
is heated in a melting point capillary in a bath of sulphuric 
acid, and the temperatures are noted of initial sintering, melt- 
ing, and clarifying. (See 'Albeftol Copals.) A similar melting 
^ Obtainable from C. Desaga, Heidelberg. 
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point determination may also be made on hardening resins, 
but in the case of these the determination of the softening 
point the method of Kraemer and Sarnow, which is usually 
employed for resins, encounters difficulties, as these resins refuse 
to melt on account of their hardening properties. W. Nagel has 
modified the Kraemer-Sarnow method, originally devised for 
pitches, for use with hardening resins, as folWws.^ 

Glass tubes are used of 0*5 cm. bore, which taper conically 
exactly 1 cm. from the end to 0*3 cm. bore at the aperture. 
The sample under investigation, in the form of a very fine 
powder, is introduced into the tube, which is placed on a sheet 
of white paper, and is rammed home with a suitably shaped 
wooden rod. The filling of resin should reach to a mark pro- 
vided on the tube 1 cm. above the aperture. As the specific 
gravity of the various qualities of material varies but slightly, 
the weight required is almost constant, namely, 012 to 0*15 gm. 
The resin particles cohere sufficiently to support the weight of 
5gm. of mercury. The charged tube, or more conveniently, 
two or three such tubes, as mean values must be taken, are 
inserted into perforated stoj)pers, each of which also holds a 
thermometer, and which serve to close wider test-tubes which 
act as air-baths, and which are best heated in a glycerine bath. 
The rate of temperature rise is of great importance. It has 
been found best first to heat rapidly to a temperature 25° C. 
lower than the softening point, as previously determined approx- 
imately, and then to remove the flame for a quarter of an 
hour in order to allow temperature equilibrium to be attained, 
after which heating is continued at such a rate that the tem- 
perature rises by exactly one degree per minute. With a little 
practice this‘is achieved without difficulty. The mercury ulti- 
mately falls through the liquifying mass in the same way as 
with pitches, and the temfierature at which this occurs is taken 
as the softening point. 

Water. The percentage of water is detesmined in the same 
manner as in cumarone resins, those products which ar^ insoluble 
in xylene being tested in a finely powdered condition. Copper 
» • * 

1 Wias, Veroff. (Siemens-Konzem), IV, 321 (1926); Farbmztg., 31, 1627^8 
(1926). 
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stills with inserted trays to receive the powdered sample are 
suitable for the purpose. Otherwise, the determination is car- 
ried out in the usual manner by Marcusson’s method.^ ♦ 

Phenol-formaldehyde resins of the Novolak and oil-soluble 
types usually contain very little water. Larger proportions, of 
2 per cent and over, are found in hardening resins, and still 
more, often ovel* 10 per cent, in the liquid products, being 
largely formed during the hardening process which occurs to a 
considerable extent during the distillation with xylene, which 
involves condensation and the consequent liberation of addi- 
tional water. Although the percentage of water found includes 
practically the whole of this chemically formed water, which is 
less in amount in the case of resins which harden slowly, the 
figures obtained furnish useful information regarding the degree 
to which the investigated sample had already undergone con- 
densation, and the amount of liberated water to be anticipated 
during its technical application. It would be possible, by using 
benzene in place of the higher boiling xylene, largely to avoid 
the formation of water by hardening during the determina- 
tion, and so to obtain a closer approximation to the amount 
of free water, but this would only be of interest in special 
cases. 

Ash. In order to determine the ash, an accurately weighed 
quantity of the sample is first carefully coked over a small 
flame in a platinum or porcelain crucible. When nothing but 
coke remains this is burnt to ash in the usual manner over a 
strong flame on a pipeclay triangle. Any carbon which bums 
with difficulty is moistened with ammonium nitrate s(9ution, 
dried, and re-heated. ^ ^ 

Phenol-formaldehyde resins usually contain very small 
amounts of ash only. Thus, Fonrobert ftivestigated various 
commercial shellac substitutes, and in no case found more than 
0-6 per cent of ash ; this figure may be considered as a very 
high limiting percentage for modern commercial products. The 
ash consists mainly of metallic oxides which are partially 


^ Mitteilungen ausdem Materialpriifun^amt (1904), 48; (1906), 68 ; Schlftpfer 
Angew., 27, 62 (1914); Liese, Chem.-Ztg., 47, 438 (1923); Normann, Angew,^ 
37, 619 (1924); 38, 380 (1926). 
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derived from the raw materials, and partly from the material 
of the reaction pan. Condensing agents sometimes appear in 
the aSih, unless they consist of ammonia or other decomposable 
substances. For certain applications the qualitative and quan- 
titative investigation of the ash is necessary. 

Ammonia, and so Forth. Ammonia and other nitrogenous 
bases which are used as condensing agents cah easily be liber- 
ated by heating the finely divided sample with twice its weight 
of soda-lime after mixing well. The operation is suitably carried 
out in a tubulated copper retort, which is connected with a 
condenser and a receiver charged with standard hydrochloric 
acid. During the heating process air is led through the appara- 
tus, and the air current is continued until this has cooled. 
The hydrochloric acid is finally titrated back with N/2 ~ NaOH, 
using methyl orange as an indicator, and the quantity of base 
then calculated. 

It should be noted that steam distillation of a solution of 
the resin in an aqueous caustic alkali solution does not liberate 
ammonia from a formaldehyde condensation product, as hexa- 
methylene-tetr amine is not decomposed by aqueous alkalies. 
The steam distillation method must, therefore, be considered 
as merely suj)plementary to the soda-lime method. 

Acid Ratio and Saponification Ratio. The determination of 
these characteristics is carried out in the usual manner,^ ^ for 
example, with alcoholic N/2 NaOH and phenol-phthalein as 
indicator. The following method of determining the acid ratio 
is stated to be particularly suitable in the case of dark resins 

Ten^rammes of the resin (Albertol) are dissolved in 100 c.c. 
of a neutralized mixture of 2 parts benzene and 1 part spirit ; 
50 c.c. of a 'solution of common salt are then added which 
has been saturated whilst hot, cooled, and then previously 
neutralized; 15 to 20grm. of finely powdered common salt 
are also added, and, finally, 20 drops of a 1 per cent phenol- 
phthalein solution. The mixture is then titrated with aqueous 
N — ^NaOH solution with frequent vigorous shaking until a weak 


J '^hem.^Ztg,, 40, 513 (1922). 

* Scheiber, Lackr. uttd ihre, Rohatoffc^ Leipzig (1926), pp. 489 v.t aeq. 

® Communicated by Chemische Fabrikon Dr. Kurt All)ort, C.m.b.H. 
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pink coloration appears in the salt solution. A volume of 
neutralized spirit is then added equal to the volume of normal 
alkali already used for the titration, and more N — is 
then added until an intense crimson coloration is produced; 
the liquid is then titrated back with N — H2SO4 until the intense 
colour changes to pale pink. This colour change is fairly sharp, 
and the same re^lt is obtained on repeated back-titration. 

The acid and saponification ratios of synthetic resins pro- 
duced from phenols and formaldehyde only (Novolaks and 
hardening products) are quite small, as these products are 
generally of neutral or almost neutral character. Thus, for a 
series of shellac substitutes of Novolak type, Fonrobert^ found 
acid ratios varying from 11 to 9 - 0 . An entirely different char- 
acter is shown by certain derivatives, and especially by resins 
soluble in benzene and in oil of the type of the Albertols, in 
the production of which natural resins are often used. Although 
these include many almost neutral products, with acid ratios 
below 20, other Albertol copals show acid ratios up to 150 . 

Solubility. Phenol-formaldehyde resins of the Novolak type 
dissolve fairly easily, and without residue, in suitable solvents, 
especially in spirit. If the material is to be used for polishes 
the behaviour on dilution must be noted, as many products 
fail in this respect. Oil-soluble resins must nglturally be exam- 
ined with regard to their solubility in, or capacity for incorpora- 
tion with, those media with which they are to be used for the 
intended purpose (production of oil varnish). 

Certain difficulties sometimes occur in testing the solubility 
of hardening resins. For a large number of application^ these 
must be completely soluble in spirit ; in order to test them in 
this respect, 1 part of the powdered sample is mixed with 2 
parts of ordinary spirit in a closed bottle afrid allowed to stand 
with occasional shaking. The resin should dissolve without 
residue in 1 day, or at the most in 2 days, without leaving any 
splinter-like particles which indicate the presence of hardened 
resin, and with formation of a clear solution. The duration of 
the test may be considerably shortened by mechanical stirring 
or shaking or by careful heating **on the water-bath. ' 

1 Chem.^Ztg,, 46 , 613 ( 1922 ). 
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Hardening Capacity. The hardening capacity of a resin can 
be detected qualitatively by carefully heating a small sample. 
After jjielting has occurred, hardening quickly follows, accom- 
panied by blister formation and frothing and followed by 
solidification of the hot mass. 

The velocity of hardening and the character of the process 
are conveniently investigated by heating 5 t6 10 gm. of the 
sample in a shallow metal dish in a drying oven at a tempera- 
ture which is maintained as constant as possible, for example, 
at 140® C. The periods are then determined within which the 
molten resin thickens, or is converted into a rubber-like mass, 
and also the period within which it is converted into a solid 
whilst hot. The sample is also weighed at definite intervals, 
for example, every half hour, and this is continued until there 
is no further practical decrease in weight. 

The yield of hardened resin is calculated from the total loss 
of weight, whilst the course of the hardening process can be 
deduced with sufficient exactitude from the time required for 
solidification. For practical piu*poses, special consideration must 
be given to the temperature at which the test is conducted, 
which should be in accordance with the actual working tem- 
perature used in the application of the product. The determina- 
tion of the yield which may vary within certain limits, in 
accordance with the temperature employed for the test, is of 
importance, as it not only indicates the suitability of the resin 
for any particular purpose, but also enables a judgment to be 
formed regarding its quality in general.^ 

The product, which has been heated till of constant weight, 
should be of hard and solid consistency at the temperature of 
the test ; more' particularly, it should no longer be gummy in 
character. The degrcB of transformation may be investigated 
by extraction of a weighed quantity with a mixture of equal 
parts of alcohol and acetone. 

Phenols. The usual method of determimng the so-called 

^ On the so-called volatility of resole resins, see von dor Heydcn, Typko, 
Angetv.y 38, 421,521 (1925) ; on the other hand, see J. Scheiber, Angew., 38, 904 
(1925); Abonyi, KunatsL^ 16, 30 (1926); the latt(?r describes the percentage 
yield as “rendement,” and the percentage loss of weight as “hardening 
loss.” 

26-— (5647) 
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free ** phenols consists in distilling about 1 gm. of the 
powdered resin, suspended in water, in a current of steam and 
determining the “ phenol ’’ which appears in the di^illate. 
The method is, however, very inexact and leads to values 
which are much too high, as dissociation processes occur, with 
liberation of further phenol. It is, therefore, better to suspend 
about 1 gm. of the powdered resin in benzene or toluene and 
distil ofiF a portion of the hydrocarbon. The distillate is ex- 
tracted with N/5 NaOH, which is then separated, acidified, and 
distilled in a current of steam. 

According to Meighan,^ the phenols are determined by dis- 
solving the resin in a medium which is inert to metallic sodium, 
and measuring the quantity of hydrogen evolved by the action 
of sodium on the solution. 

Apart from the analytical methods just described, tests are 
required dealing more directly with the practical application of 
the products, which cannot be considered in detail here on 
account of their extraordinary variety. Such tests, for example, 
on the suitability of shellac substitutes for the production of 
polishes, are described by Fonrobert.^ 

Regarding methods of testing for electrical applications, see 
the V.D.E. Regulations in the Appendix. 

Detenuination of Concentration of Resin Solutions. Solu- 
tions of phenol-aldehyde resins are frequently used in the 
application of these substances, and methods of determining 
their concentration are of more general interest. As these resins 
are usually dissolved at a raised temperature there is always 
the possibility of evaporation of the solvent, and the (Juantita- 
tive proportion of the ingredients does not, therefore, neces- 
sarily enable the strength of the finished Elution to be 
calculated, especially as the resin is freqiiently not completely 
dissolved. The determination of the resin contents of the solu- 
tion offers no difficulty in those cases in which the resins 
undergo no change, involving loss of weight, when heated for 
a prolonged period. On the other hand, hardening phenol- 

formaldehyde resins cannot be determined by heating to 

* * 

1 liid. aiid Knyin. Chv7n., 17, 226-237 (1926); C. (1926), I. 2730. 
a Chem,-Ztg,. 46, 613 (1922). 
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constant weight/ as at the required temperatures of at least 
lOO'^ C. further condensation takes place, varying in amount for 
the vfifious products, and accompanied by loss of weight. There- 
fore, the drying process must be discontinued before it is com- 
pleted, at a point varying with the character of the hardening 
resin in question. A.L. Abonyi found that certain commercial 
qualities of hardening resins could be successfully dried in 
1 J hours at 95° C. ; about 2 gm. of the resin solution were 
weighed in a weighing tube of 35 mm. diameter and 60 mm. in 
height.® 

The resin contents of such solutions can, however, be deter- 
mined much more rapidly and simply by means of specific 
gravity determinations. As no contraction occurs when hard- 
ening phenol-formaldehyde resins are dissolved, the concentra- 
tion of the solution can be calculated by means of the following 
equation— 

Perceiit-ago concent ration -- ^ . 100 

where d is the specific gravity of the resin solution, d* that of 
the solid resin, and d,, that of the solvent. 

^ A. L. Abonyi, Kumtst., 10, 30 (1926). 

2 Determination oLrosiii contents as practised in Jaroslaws Erster Glimmer- 
warenfabrik, Berlin. 

® Abonyi, loc. cit. 



CHAPTER XIII 

UHEA-FORMALDEHYDE CONDENSATION PRODUCTS 

The technical exploitation of urea-formaldehyde condensa- 
tion products is still in its infancy,^ but has attracted consider- 
able attention through the publicity accorded to the ‘‘ organic 
glass/’ Pollopas. The main aim of the development of the reac- 
tion leading to these products may be assumed to be the 
production of plastic masses, fast to light, ^ of the transparent, 
translucent or milky appearance of glass products, which may 
also be delicately tinted. The interest manifested in these pro- 
ducts is mainly to be ascribed to their exceptional fastness to 
light, a quality which is extremely rare among artificial plastic 
masses; these new products have other excellent qualities in 
addition. The application of urea-formaldehyde products of 
resinous character, on the other hand, i.e. of products insolu- 
ble in water but soluble in organic liquids, will presumably 
be unimportant for the present, as the only suitable solvents 
for these substances which have been discovered are epichlor- 
hydrin, dichlorhydrin, formamide, glycol ether, and so forth.'"^ 
On the other hand, it may be expected that those con- 
densation products which are soluble in water will find con- 
siderable application as adhesives, such as “ Schellan.” (See 
page 406.) 

Production. As will be clear from the description of the reac- 
tions in the general section (page 159 et seq.), condensing agents 
play an exceptionally important part in the production of 


^ In tliis chapter the term “urea” will be used to include not only car- 
bamride, CC)(NH 2 ) 2 , but also substituted and sulphur derivatives of all kinds, 
more especially thiourea. 

* These products haVfc been named “ aininoplasts ” in analogy to “ pheno- 
plasts ” or ■esites; see O. Manfred and J. Obrist, Kolloidztschr.t 42, 176 (1927). 
A product analogous to Vollopas is represented by the French product 
“ Prystal,” which has been described by H. Barth61emy ; see Chim. et Ind., 
16, 367 (1926); Moniteur prod, 1^, No. 100, 6; C. (1927), II, 2^30; see 

also the English product “ PUiss ” ; Die Chemieche Fabrik (1928), 662. 

» See British Pat. 262,818; C. (1927), I, 3229. 
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condensation products from urea and formaldehyde.^ It there- 
fore seems desirable to describe the technical methods of pro- 
ductidh imder the heading of reactions without the use of 
condensing agents, and those carried out in the presence of 
acid and alkaline condensing agents respectively, after which 
other processes will be considered. ^ 

Condensations in the Absence of Condensing Agents. N. John 

must be recognized as the first to realize the technical utility 
of urea-formaldehyde products. In his patent specifications he 
coniines himself to condensation in the absence of condensing 
agents.^ The reaction is effected by prolonged heating^ of 
1 part of urea with 5 to 6 parts of 40 per cent formaldehyde 
solution.^ After distilling off the water, various products are 
obtained according to the time of heating, namely, either gum- 
like aqueous solutions of water-soluble substances, capable of 
being used as adhesives, or by more prolonged heating, products 
which gelatinize in the cold and w^hich may be converted into 
solid masses, insoluble in water and in alcohol, by heating to 
80® C: (hardening process). According to F. Poliak and K. 
Ripper, however, the gum-like products smell strongly of form- 
aldehyde, and coagulate after a few^ days, with loss of solu- 
bility.^ Moreover, the hardened masses have usually a blis- 
tered, swollen, and foam-like structure. 

In these and other processes ordinary urea may be replaced 
by thiourea or other urea derivatives, such as acetylthiourea. 
The products are intended for use as adhesives, varnishes, or 
impregnating agents, or as substitutes for rubber, ebonite, 
celluloid or horn, according to their respective properties. It 
should also»b^ pointed out that Jbhe formaldehyde solutions 

1 H. Scheiblor, F. Tro»blor, E. Scholz, Angew.. 41, 1305 (1928). 

2 Austrian Pat. 78,251 (1918); KunHtst., 10, 119 (1920); German Pat. 
392,183 (1918); C, (1924), II, 1283; U.S. Pat. 1,356,834 (1920); Kunstat., 11, 
78 (1921); British Pat. 151,016 (1920); C. (1921), II, 192; Swiss Pat. 94,687 
(1922); 0. (1923), II, 1042; Dutch Pat. 9,542; C. (1923), IV, 893. 

* On condensation at the ordinary temperature, see ^on Girsewald, Siegens, 

Ber„ 47, 2466 (1914). • 

* Polymerized formaldehyde products are used by D. Beck, Swiss Pat. 
92,984; see also H. Traun & S6lme, French Pat. 618,991 ; British Pat. 271,264; 
C. (1928), I, 1584; see also U.S. Pat* 1, 658^359; see also Rohm & Haas Co., 
F. Lauter, U.S. Pat. 1,633,337; French Pat. 619,342; C. (1928), I, 1336, etc. 

6 Chem.-Ztg., 48, 669 (1924). 
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used by John contain formic acid in their usual commercial 
form, so that the reaction actually takes place in an acid, and 
not in a neutral medium.^ ♦ 

Urea reacts much more rapidly than thiourea, and this ren- 
ders the uniform dehydration of the product more difficult. 
With thiourea o^e may evaporate without special precautions, 
and even blow in hot air or hot inert gases, without any fear 
of faulty results. The same process may also be applied to 
suitable mixtures of thiourea and urea.^ 

Condensations with Acid Condensing Agents. H. Goldschmidt 
and 0. Neuss® use at least 3 per cent of acid,^ calculated on the 
weight of urea, as a condensing agent. One hundred parts of 
urea are dissolved in a dilute formaldehyde solution, which 
contains not more than 120 parts of formaldehyde ; the liquid 
is then heated until frothing occurs, and the acid added. Tur- 
bid, porous masses are obtained, resembling meerschaum. 

In further patents® the same inventors describe condensa- 
tion by heating in presence of water and small amounts of 
acids or of salts of non-alkaline reaction. Perfectly transparent 
rapidly hardening masses are thus obtained, and 15 to 17 per 
cent less formaldehyde is used than is the case in the absence 
of condensing agents. It is also stated to be advantageous for 
some purposes, and especially in order to obtain products more 
resistant to water, or suitable for varnish production, to use acid 

^ On reactions in a neutral medium, see Gorman Pat. 416,252 (1923); 
C. (1923), II, 2101 ; on the action of radiations of short wave length; also 
French Pat. 609,108 (1926); Swiss Pat. 114,289 (1925); G. (1926), II, 2502; 
on condensation under increased pressure; see also Swiss Pat. 104,339; C. 
(1924), II, 1282. According to Rohm & Haas Co., F. Lauter, U.S. Pat. 
1,671,698; C. (1928), II, 1392, the hot urea solution is gradually introduced 
into a boilmg formaldehyde solution. In a later patent (U.Sf Pat. 1,672,848; 
C. (1928), II, 1828) the further addition of aromatic sulphonamides is recom- 
mended ; aft-er-t roatment, for example, with oxalic acid, is also claimed. 

* British Cyanides Co., Ltd., E. Ch. Rossiter, British Pat. 248,477; 266,023; 
French Pat. 623,983; C. (1928), I, 13,36. 

« German Pat. 412,614 (1921); C. (1926), II, 366; Kunstst., 16, 124 (1926); 
British Pat. 187,606 (i922); C. (1923), IV, 961; Kumtst, 13, 126 (1923); 
14, 41 (1924); Austrian Pat. 102,791 (1922); C. (1926), II, 114. 

^ For example, sulphuric acid ; in other patents, oxalic acid, tartaric acid, 
citric acid, bisulphate, acid oxalates, the hydroclUorides of aromatic bases 
and other substances are inentioi^ed ; se^ British Pat. 268,960 of British Cya- 
nides Co., Ltd., and E. C. Rossiter; <7. (1927), I, 820. ' 

* Austrian Pat. 96,663 (1922); Swiss Pat. 103,221; British Pat. 208,761; 
French Pat. 566,629 (1922); C. (1924), II, 2420; Kunstat., 15, 12 (1926). 
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condensing agents of such a character that they themselves re- 
act with formaldehyde with formation of plastic masses ; phenols 
and ci^sein are examples of such acid condensing agents. 

According to P. Poliak and K. Ripper,^ the transparent pro- 
ducts obtained by these processes contain bubbles, whilst the 
turbid products are full of cracks, and the meerschaum sub- 
stitutes are unstable and fall into small pieces in a few days. 
In fact, the extremely rapid hardening which occurs in the 
presence of acid condensing agents and the accompanying 
liberation of water and formaldehyde appears to render the 
production of satisfactory plastic masses difficult. This is indi- 
cated by the patent dealing with the application of these pro- 
ducts, according to which they are to be ground and then 
compressed at temperatures of 100° C. and over.^ 

A method of producing transparent products has been 
patented^ which differs from that of Goldschmidt and Neuss, 
by the use of at least 2*4 mol. of formaldehyde per molecule 
of urea, in the presence of mineral acids at raised tempera- 
tures. In order to remove the water produced by the condensa- 
tion, it was found to be advantageous to add organic solvents 
during the production of the product, such as glycol chlorhy- 
drin, glycol monoacetate, formamide, formic acid, glacial 
acetic acid, or mixtures of these, and to distil. Clear, colourless 
solutions are first obtained, which if used directly as varnishes 
yield colourless, perfectly transparent coatings. A further im- 
provement was achieved^ 5 by replacing the remaining quan- 
tities of volatile solvent in the products obtained as just 
descriBed, by non-volatile or high-boiling organic substances 
which are capable of forming solid solutions with the condensation 

1 Chem.-Ztg., 48, .569«(1924). 

* Chemische Fabrik Ambra, Aki.-Goa. (assigned by H. ( ioldsebmidt and 

0. Neuss), British Pat. 202,651 (1923); C. (1925), I, 1455; Austrian Pat. 
101,463; G. (1926), I, 2623; Dutch Pat. 15, .567; C. (1927), I, 3229; Faucher, 
French Pat. 669,823 (1923); C. (1925), I, 2262. 

8 Badische Anilin- und Soda-Fabrik, German Pat. *09,847 (1922); G. (1926), 

1, 1910; Kunatst., 16, 182 (1925). • 

8 Badische Anilin- und Soda-Fabrik, Gorman Pat. 403,645 (1922); G. 
(1926), 1, 309, Kunatat,, 16, 84 (1923). 

® (jieiman Pat. 404,024 (1922); Badische Anilin- und Soda-Fabrik, G. (1925), 
I, 908; Kunatat., 16, 123 (1925); see also 1. G. FarlK3nind, A.-G., British Pat. 
262,818; G. (1927), I, .3229. 
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product. For example, cellulose esters, natural or synthetic 
resins, or plasticizers, such as camphor or camphor substitutes, 
are added to the solutions. The liquid or solid solutions or 
homogeneous mixtures so obtained are intended for use in the 
production of varnishes, adhesives, artificial silk, films, plastic 
masses, and so forth. 

According to ifecent processes of the Gresellschaft fur Chem- 
ische Industrie, Basle,^ hard resistant products, free from 
bubbles or cracks, arc stated to be obtained with considerable 
economy of formaldehyde as follows : 1 molecular proportion 
of urea and at least 2 molecular proportions of formalde- 
hyde are converted into a primary condensation product under 
neutral conditions by heating for 3 to 4 hours under pressure, 
or for 30 hours under reflux. The primary product so obtained 
is dehydrated in a special manner. By making use of the 
observation that the addition of urea greatly reduces the viscos- 
ity of solutions of the primary product, it is easily arranged by 
suitable regulation of the quantity of urea, which must not 
be less than 1-05 mol. per 2 mol. of formaldehyde, that the 
required dehydration shall not be vitiated by premature large 
increase of the viscosity. Acid substances, such as ammonium 
chloride, ammonium sulphate, sulphuric acid and phosphoric 
acid are used as catalysts. The products are' either perfectly 
transparent or more or less cloudy (translucent like alabaster). 
According to another patent of the same firm,^ the interaction 
between the components is at first caused to take place in the 
presence of active charcoal, which can be removed at any phase 
deemed desirable. The reaction may be effected either *in the 
heat or in the cold. Moreover, organic substances, such as 
alcohols, ketones, ethers, esiers or mixtures of tliese, may be 
used to retard the reaction, a measure which offers advantages, 
especially in the presence of acid condensing agents. 

Gaseous substances of acid character, which may if desired 
be used in solution,, are esjiecially suitable for hardening the 
viscous products previously obtained under neutral conditions. 

1 British Pat. 249,101 ; Frenoli Pat. 611,271 ; Swiss Pat. 117,170; < 7 . (1927), 
II 982 r c ( 

•French Pat. 616,495; Swiss Pat. 118,725; C. (1927), II, 983; see also 
U.S. Pat. 1,676,543. 
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Such substances are sulphur dioxide, formic acid, hydrofluoric 
acid, hydrochloric acid, and so forth.^ 

Aq^ording to H. Jolin,*^ urea or its derivatives, which are 
costly, may be replaced as raw materials for the manufacture 
of plastic masses by calcium cyanamide, which is cheap and 
readily obtainable. Commercial calcium cyanamide is ex- 
tracted with warm water and the solution, \^lnch contains cal- 
cium cyanamide, dicyanamide, urea, calcium carbamate and 
guanidine, is treated with acid if required, and then condensed 
with formaldehyde in presence of acid. Another interesting 
patent describes the utilization of a mixture of carbon monoxide 
and ammonia under pressure, in presence of suitable catalysts.® 
Regarding the production of condensation products from urea, 
and so forth, with acrolein, the reader is referred to the patents 
of the Gcsellschaft fiir Chemische Industrie, Basle.^ 

Condensing with Basic Condensation Agents. Basic condensing 
agents proved very advantageous for the reaction between urea 
and formaldehyde, more particularly on account of the result- 
ing economy of formaldehyde ; this is probably mainly due to 
the property of condensing agents of this class of accelerating 
the juoduction of an intermediate y)roduct, winch is probably 
a methylolurea, without influencing the further liberation of 
water, which is 'greatly accelerated by acid agents. 

F. Poliak^ effected the condensation of urea (1 mol.) with 
formaldehyde (up to 3 moL, but preferably 2 mol. only) in the 

*1. G. FarbemiiduHirU' British Pat. 2r)!),9.W; C. (1028), T, 2404; 

264,466; C, (1928), 11, 1499; soo also Swiss Pat. 12/),()11 ; soo also Soci6i4 
Indnstriollo dos Matioros IMastiquos, P>onch Pat. 615,246; C. (1928), I, 1335; 
acid anhydrides, such as bonzoic and acolic anhydrides, alcohols, sodium 
phosphate, sodium acetate, sodium glycollah*, etc. ; see also F. Poliak, 
K. Ripper, Bii^t^sh Pal. 240,840, 266,389 jwP^’cnch Pat. 603,875; Austrian Pat. 
107,427; C. (1928), I, 264. 

2 German Pat. 394,4tfi (1919); G. (1924), JI, 1136; Rnmint.. 15, 122 (1925); 
on the condenisation of dicyandianndt^ w'ith ff)rmaldohydo, hcjo also H. Wallach, 
German Pat. 323,655, 325,647; K. Ripper, British I^at. 287,177; C. (1928), 
II, 293; the utilization of cyanamide is descriljed by American Cyanamid Co., 
U.S. Pat. 1,658,597; C. (1928), I, 1809. 

3 H. Spindlor, French Pat. 637,051; C. (1928), IT, *190. 

* British Pat. 260,288; French Pat. 623,037; C. (1927), 11, 983; see also 
U.S. Pat. 1,654,215. 

6 British Pat. 171,094 (1921); French Pat. 54^2,971; C. (1922), TI, 749; 
German Pat. 418,055 (1921); C. (re25)* II, 2103; see Soc. Industrielle des 
Mati5res Plastiques, H. Barthelerny, U.S. Pat. 1,645,848; O. (1928), I, 1336; 
alkaline earth carbonates. 



402 


ABTinCIAL RESINS 


presence of bases such as ammonia, hexamethylene tetramine, 
pyridine, or urea itself. The primary product which was ob- 
tained was a colourless liquid, soluble in water, ^ which icould 
be converted into a hard, infusible, ti*ansparent product, insolu- 
ble in acids and alkalies, by concentration in vacuo to a syrup, 
fiUing this into moulds and the subsequent action of heat, at 
60-80° C., or of combined heat and pressure. The direct con- 
version of the gummy solution of the primary condensation 
product, which had but little odour of ammonia, even with 
careful heating, resulted in the formation of transparent solid 
masses, of slightly yellowish colour, in the case of small quan- 
tities only. Larger masses always showed cracks and other 
discontinuities.^ 

The reactions which accompany these changes were closely 
studied by P. Poliak and K. Ripper, who included an investiga- 
tion of their colloid-chemical character; their investigations 
were based on Ripper’s observation,^ that the presence of salts 
influenced the character of the primary condensation products 
in manners varying greatly with the nature of the salt in ques- 
tion. Thus the gelatinization of the solutions of the primary 
products is retarded by the addition of salts of alkaline reac- 
tion, and especially by the alkali salts of weak inorganic and 
organic acids, such as sodium acetate. This Stabilization can 
be effected at any degree of viscosity, and by concentration at 
low temperatures in vacuo, non-gelatinizing solutions of 90 per 
cent concentration can be obtained. On the other hand, neutral 
salts of strong acids with strong bases caused acceleration of 
the gelatinizing process and spontaneous syneresis (separa^iion of 
water from the gel). However, six to nine months are requii*ed 
to produce even small quantities of perfect solid fragments 
of the hard colloid by such syneresis in tfee cold. Acid salts, 
especially ammonium salts, cause almost immediate gelatiniza- 
tion of the intermediate product, with formation of a white 
product, containing water in a coarsely dispersed condition. 

r 

^ On its application, so© F. Poliak, British Pat. 167,416 (1921). 

* P. Poliak, K. Ripper, Qhem.-Ztg., 48, 669, 682 (1924). 

» British Pat. 181,014 (1921); C'.»(1923% IV, 950; KunetsL, 13, 126 (1923); 
Swiss Pat, 104,801 (1922); Canadian Pat. 232,636 (1922)^ C. (1924), I, 1716; 
see also British Pat, 213,667 (1923). 
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By combining these various effects with the hardening caused 
by temperature rise, which is accompanied by the liberation 
of formaldehyde and consequent formation of cracks, it was 
found that the hydrogen ion concentration during the final 
stages of the distillation should be so adjusted that syneresis 
can still take place, but that the liberation of formaldehyde, 
which is promoted by the presence of acids’ can be avoided. 
Thus, at a hydrogen ion concentration of 10'^ to 10 at 100° C., 
hardened products free from cracks can be obtained. When 
masses were hardened at hydrogen ion concentrations approach- 
ing lO""^ cloudiness occurred, which could be avoided by the 
addition of neutral salts. These ])roved to be effective in the 
order of Hofmeister’s ionic series : thus the clearing effect of 
potassium chloride is but slight, whereas sodium and calcium 
chlorides are completely effective. Whilst sulphates exercise 
scarcely any clearing effect, and chlorides are very effective, 
the heat effects are produced with salicylates.’ 

The results of those investigations were embodied in various 
patent specifications. Thus, the recommendation is made to 
remove by suitable means the excess of formaldehyde present 
in the initial condensation i>roduct, which proves to be very 
objectionable during subsequent hardening, owing to forma- 
tion of cracks, and so forth the precautions rectommended 
comprise the addition of substances which react with form- 
aldehyde, such as urea, phenol, and so forth, or treatment 
with reagents which destroy formaldehyde, such as hydrogen 
peroxide. Hardening may then take place safely at tempera- 
tures of 90° C. and over, at which the highest degree of poly- 
merization is attainable. The products so obtained are distin- 
guished from other formaldehyde-urea products by yielding an 
odourless dust. The acid reaction which is produced even if 
primary condensation products obtained in the presence of 
basic condensing agents, is counteracted by the addition of 

I 

1 F. Poliak, French Pat. 568,985 (1923); C. (1924), II, 1283. . 

»F. PoUak, Swiss Pat. 104,.339 (1923); French Pat. 562,320 (1923); 
C. (1924), II, 1282; F. Poliak, K. Ripper, U.S. Pat. 1,507,624 (1923); 
C. (1926), I, 1466; F. Poliak, German Tat. 437,533 (1922); French Pat. 
611,973; Austrian Pat. 103,910; C. (1927), I, 1764; Aiwtralian Pat. 999 
(1926). 
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bases or basic salts.^ A clarifying material is also added, such 
as sodium chloride. 

One may proceed, for example, as follows — 

Urea is heated with formaldehyde and hexainethylene tetra- 
mine until a clear, homogeneous liquid is formed ; sodium acetate 
is then added to prevent the product from gelatinizing too 
rapidly, and the greater portion of the water is evaporated in 
vacuo ; the acidity of the liquid is then determined by titra- 
tion, and sufficient urea is added both to combine with the 
excess of formaldehyde and to neutralize the acid reaction. 
Water is then distilled off until the product can be poured, and 
sodium chloride is added, either during the distillation or 
immediately afterwards. The product is finally cast in moulds 
and hardened at 60-100° C. A perfectly transparent product 
is so obtained. 

Finally, the production of the viscous primary condensation 
product may be effected in two stages under the influence of 
different condensing agents the first stage consists in boiling 
a neutral or basic mixture of urea and formaldehyde for a 
short period, whilst the second stage is carried out in the 
presence of hydrogen ions (acids). The action of acid is thus 
transferred to a comparatively early stage of the production 
processes, and the primary product is thus obtained in a form 
more or less insoluble in water. 

In order to obtain strongly hydrophobic primary products, 
which are highly viscous (and can consequently retain almost 
unlimited proportions of fillers) and which form exceptionally 
insensitive final products,^ of excellent insulating properties, 
the mixture of the components is first heated for a consider- 
able time, after which substances suitable for the removal of 
the excess of formaldehyde are added, sifch as thiourea or 
phenols, and the reaction mixture is further heated in the 
presence of hydrogen ions until the hydrophobic resinous product 
« 

1 F. PoUak, French Pat. 568,985 (1923); C. (1924), II, 1283. 

* P. Poliak, Austrian Pat. 99,415 (1923); French Pat. 581,488 (1924); 
C. (1925), II, 785; Kunstat.^W, 57 (1926); see also German Pat. 466,082. 

» F. Poliak, Austrian Pat. 103,91(T; Freifch Pat. 611,973; C. (1927), I.*1764; 
see also K. Ripper, British Pat. 287,177; C. (1928), II, 293 ; 287,668 ; C. (1928), 
II, 1166. 
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is precipitated on cooling. Apart from substances which 
supply H-ions, other polymerizing substances, which do not 
libera^ OH-ions, may be added. The mixture may be neu- 
tralized or rendered slightly alkaline before cooling. Even in 
this case the hardening of large masses is attended with dilBS.- 
culties, which were overcome by the use of moulds which are 
permeable by the dispersing agent, but impermeable by the 
colloid.! 

It has been found possible to overcome the various disad- 
vantages presented by the gels obtained from aqueous solu- 
tions, by adding substances, at suitable stages of the reaction, 
which possess the pro])erty of displacing the water in the gels. 
Various organic solvents have been found suitable for this pur- 
pose, for example, hydrocarbons, alcohols, esters, aldehydes, 
ketones, acids, and so forth. A special advantage arises from 
the fact that cellulose esters, resins, camphor, casein, phenols, 
and so forth, may also be present, thus leading to products of 
the most various applications.^ 

A few other processes must be referred to, which resemble 
in principle those already described. Thus, plastic masses are 
obtained^ if dimethylolurea or mixtures of di- and mono- 
methylol urea, i.c. of substances which are obtainable by the 
alkaline condens^ition of formaldehyde with urea, are heated 
to comparatively high temperatures with various additions, 
with or without the application of pressure; hajdening or 
hardened products may be obtained by acidifying a condensa- 
tion product obtained from urea with formaldehyde in the 
presence of allcali.^ 

Various other Processes. Attempts have been made to 

1 F. Poliak, K. Ripper, Chem.-Ztg. 48, 66J), 582, (1924). 

a F. Poliak, K. Hippori Briti.sh Pat. 238,904; Fninch Pal. 602,318 ; Austrian 
Pat. 107,429; C. (1928), 1,265; I. G. FarboninduHtrie A.-G., British Pat. 
261,029; ( 7 . (1928), II, 1828; F. Schmidt, BritiHh T’at. 281,993; C. (1928), I. 
2213; Gesellschaft fiir cheiiiische Industrie in BaHol, British J*at. 281,717; 
C. (1928), I, 2213; on tho production of a resinous product from urea, phenol, 
and forrnaldehydo, soo Damard Lacquor Co., Btd., W^F. Floot, H. V. Potter, 
British Pat. 266,71 1 ; C. (1928), I, 2465. 

* C. Ellis, U.S. Pat. 1,536,881 (1922); C. (1925), II, 784; Kunstat., 16, 221 
(1926). 

4 C. Ellis, U.S. Pat. 1,636,882 (19ir2); C.»(I925), 11, 786; Kunstat., 15, 221 
(1925); U.S. Pat. 1,482,357-8 (1922); C. (1924), II, 1744; Kunstat, 16, 163 
( 1926 ). 
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influence the condensation of urea with formaldehyde by means 
other than condensing agents. Thus, the use for the purpose 
of rays of short wave length^ or of condensation under high 
pressure^ have been proposed. A process may also be r^erred 
to, according to which urea is first condensed with carbohy- 
drates in presence of acid catalysts, after which the product is 
heated with formaldehyde, and so forth, with or without the 
application of pressure.® According to the duration of the 
hardening process, either soluble resins or insoluble, infusible 
plastic masses are obtained. 

In place of formaldehyde (and apart from acrolein), the use 
^pf alcohols or ketones has been proposed as reacting com- 
ponents, in the presence of suitable amino-derivatives, not 
belonging to the urea group, such as aromatic acid amides; 
the addition of a reducing agent, such as zinc dust, sodium 
amalgam, magnesium powder, and so forth, is also necessary.^ 

PROPERTIES AND APPLICATIONS OF 
UREA-FORMALDEHYDE PRODUCTS 

Among urea-formaldehyde condensation products, the best 
known commercially are those marketed as ‘‘ Schellan and 

Pollopas,”® and a description of the properties and applica- 
tions of such products may therefore be based on those sold 
under the above names. Other similar products, some of which 
have been more closely described in the preceding pages, more 
or less resemble the above-mentioned commercial qualities. 

Schellan is the aqueous solution of the primary condensation 


^ Badischo Anilin- \uid Soda-Fabrik, Gonnari Pat. 416,252 (1923) ; C. (1925), 
II, 2101; Kunatatf 16, 56 (1926); Austrian Pat. 101,656 (19!!S^); French Pat. 
005,970 (1925); C, (1926), II, 1791; Gk^nnan Pat. 437,646 (1924); C, (1927), 
I, 528 ; vdtra-violet light also accelerates the hardeniltg process and prevents 
tlw development of opacity, and so forth. 

* Gesellschaft fiir chomischo Industrie, Basel, French Pat. 609,108 (1926); 
Swiss Pat. 114,289 (1925); G. (1926), II, 2502; see also U.S. Pat. 1,674,199, 
1,679,246. 

« J. S. Stokes, British Pat. 209,697 (1922); C. (1926), II, 1473; Kunstat, 
16, 254 (19^). 

*1. G. Farbenindustrie A.-G., Britisli Pat. 287,095; C. (1928), II, 190; 
290,192; C. (1928), II, 2071. . 

® Kunstharzfabrik Dr. Fritz Poliak, G.m.b.BL, Vienna ; this firm very kindly 
placed various information at our disposal. ^ 
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product obtained by •♦Poliak’s patented process. The .colour- 
less perfectly transparent, gum-like solutions are supplied in 
various concentrations and of various degrees of viscosity. 
They show the typical properties of sols of highly solvated, 
hydrophilic colloids. They may be preserved indefinitely, with- 
out gelatinizing, by the addition of salts of basic tendency, 
such as sodium acetate. Such solutions aue widely used as 
colourless water- varnishes, adhesives, binding agents, impreg- 
nating agents and stiffening agents.^ 

Varnishes are also obtained by mixing the condensation pro- 
ducts with non-volatile substances of such a character that 
they form solid solutions with the urea derivative. ^ 

Pollopas is the insoluble and infusible end-product obtainecl 
by Poliak, which carbonizes at temperatures above about 
300*^ C. It forms a perfectly clear, transparent and colourless 
mass, completely fast to light, which is highly lustrous and 
takes a high polish. These properties justify its description as 

organic glass.’’ The wide applicability of the product is clear 
from the following account of its properties : specific gravity, 
1-44 (i.e. one-half of that of glass) ; hardness, 2.95 on the Mohs 
scale; it transmits the ultra-violet rays of sunlight as far as 
about 270////; index of refraction, 1-54 to 1*9; low dispersion; 
resistance to compression, 2,230 kg. per sq. cm. ; tensile strength 
10kg. per sq.cm.; transverse strength, 510kg. per sq.cm.; 
thermal conductivity, 0*00184 C.G.8. units; it is not attacked 
in the cold by either aqueous or alcoholic solutions, and only 
slightly when hot ; the absorption of cold water in 24 hours is 
0*1 tof 0*2 per cent.^^ 

Pollopas is about as hard as copper, and differs from glass 

1 See F. Poilak, German Pat. 406,6ie’'(l919) ; British Pat. 157,416 (1921); 
on an application for the production of omainental ofEocls on textiles, leather, 
and the like, see 3. Ci*VredonV)urg, French Pat. 69:i,442 (1925); C. (1926), I, 
1349. 

*1, G. Farbenindust rio A.-G., Swiss Pat. 125,725; C. (1928), II, 22^2; 
French Pat. 641,420; C. (1928), II, 2071; F. Poliak, K. Ripper, British Pat. 
238,904; French Pat. 602,318; Austrian Pat. 107,429; C. (1928), I, 265. 

* O. Manfre and J. Obrist, Kolloidztrchr., 42, 177 *1927), found for Pollopas 

a maximum transverse strength of 600-850 kg. per sq. cm. andf a modulus of 
elasticity of 31,000-38,000 kg. per sq. cm.; compare the cormsponding values 
for phenoplasts, p. 338. , ^ ’ 

* On the behaviour under chemical influences, sec H. Scludbler, F. Trostler, 
and E. Scholz, Angew.t 41, 1305 (1928). 
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by the fact that it can be turned on a lathe, and can also be 
bored, ground, filed, carved, and polished. As it has a low 
specific gravity and can easily be coloured or clouded i® the 
mass, it can be used for the production of ornaments and smok- 
ing utensils, imitation gems and pearls, buttons, billiard balls, 
handles, and so forth. Its excellent optical properties enable 
it to be advantageously used instead of flint glass and also for 
prisms and lenses. As urea-formaldehyde condensation pro- 
ducts absorb ultra-violet rays but slightly, they can be used 
for optical instruments in place of quartz glass.^ 

By carrying out the gelatinization and hardening processes 
accordingly, one can obtain white, opaque, porcelain-like masses 
or products resembling meerschaum, the turbidity of which is 
due to finely dispersed water. ^ 

The various products are converted into shaped articles by 
casting or pressure moulding. In order to obtain satisfactory 
results the products to be worked must be in an exactly suit- 
able condition, as otherwise the resulting articles may not be 
durable. Further details will be found in the patent specifica- 
tions dealing with the production and working of unfilled and 
filled plastic masses. The essential requirement is that the con- 
densation shall be carried to a certain definite stage at which the 
material is sufficiently dehydi’ated, but is still fusible or capable 
of gelatinizing with certain solvents. It can then be formed 
and finally hardened by heat and pressure,^ or in other ways.^ 
In the case of filled products similar precautions are neces- 
sary, especially if the fillers are entirely inorganic. Products 
filled with gel-producers of the character referred to prevfously 
(pages 400, 404) are more easily worked, and are especially 
suitable for pressure moulding. Those products* which are 
clear are called “ Pollopas,’’ “ Fantasite K,'’ and so forth ; 
opaque moulded products are known as “ Trolite Special E,’* 
“ Bandalasta,” and so forth. Objects of very varied character 

^ Badische Ariilin- und {Todafabrik, Oomian Vat. 416,753 (1923); C. (1926), 
I, 260; soo C. ^lonait, CUaatechn. Ber., 6, 364 (1927); C. (1928), I, 120, on the 
reniilts obtained with various varieties of Pollopas. 

* Dr. Fritz Poliak, Gos. m.b.H., British Pat. 261,409; French Pat. 624,441 ; 
C. (1928), 11, 1499. 

» F. Poliak, K. Ripper, Austrian Pat. 109,632; C. (1928), II, 1499. 

* See Footnote (1), p. 401. 



X7BBA-FOEMA1.DEHYDE CONDENSATION PRODUCTS 409 

are produced, such as ornaments, fancy goods, smoking uten- 
sils, buttons, handles, boxes, covers, combs, and so forth. In 
consequence of the very considerable elasticity of some of these 
products they are also used for the production of fibres, such 
as horse-hair substitutes, and for films, plates, tubes, and so 
forth. The possibility of removing the greater part of the water 
enables them to be also used for all kinds (rf articles for the 
electrical industry. 

The use of these products has also been proposed for pur- 
poses for which other hardening products, such as resoles, are 
already utilized. Thus it has been suggested that their solu- 
tions should be applied to materials which could then be wound 
and hardened to produce various products. Fibrous or porous 
materials, such as wood, can also be impregnated and converted 
into valuable products by subsequent hardening. As the 
material does not swell in organic liquids it can be used advan- 
tageously for the 2 )roduction of special tubing.^ 

Processes have also been devised for reconverting insoluble 
urea-formaldehyde condensation products into the soluble 
forni.*2 This is stated to be effected, for example, by heating 
with an excess of formaldehyde to temperatures of over 110® C., 
which is conveniently done under pressure. When reconvert- 
ing into the soluble form products which have been hardened 
with considerable amounts of hydrochloric acid, it is advisable 
to neutralize the formaldehyde used for the purpose by the 
addition of bases. By these means the waste obtained diu*ing 
mechanical working, such as sawdust and shavings, can be 
quantitatively recovered and re-utilized, as the solutions can 
be converted into ordinary primary condensation products 
after adding area. The same purpdfee may be effected in another 
manner by conversion of the waste into colloidal sols, for which 
several methods are known.® 

1 V. Lefebure, British Pat. 258,968; C. (1927), I, 820. 

® Gtesellschaft fiir Chemische Industrie, Basle, Froijph Pat. 609,109 (1926); 
Swiss Pat. 114,706 (1926); C. (1926), II, 2602. 

» F. Poliak, K. Ripper, British Pat. 240,840, 266,389; Fnmch Pat. 603,876; 
Austrian Pat. 107,427; C. (1928), I, 264. 
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APPENDIX 

Regulations of the V.DJE!. (Association of Oemm 
Engineers) for the examination of electrical insulating materials.^ 

Valid as from 1st October, 1924.^ 

V.DJ1. 318» 

hltroductory. The investigation of electrical insulating mate- 
rials includes the following determinations — 

Mechanical and Thermal Tests. 

1. Bending strength. 

2. Impact-bending strength. 

3. Ball-hardness. 

4. Heat resistance. 

5. Fire resistance. 

Electrical Tests. 

1. Surface resistance. 

2. Internal resistance. 

3. Arc resistance. 


SHAPE OF SAMPLES 

The normal samples to be used for the tests are flat bars, the 
dimensions of which are as follows — 

^ Thickness . . . 10 mm. 

Breadth . . . b -= 15 mm. 

Total length . . , , L - 120 mm. 


^ These regulations, Uliich are of exceptional interest to the^ synthetic 
resin industry, have been reproduced hero by the kind permission of the 
“ Vorhand Deutscher Blektrotechnikor, E.V. ” (Association of German Elec- 


trical Engineers). 

2 Ekktrotechn. Zeitschr. (E.T,Z,), (1922), 445; (19231, 657, 768; (1024), 934; 
the acceptance of these regulations followed at the Annual Meeting of the 

V.D.E. in 1924. . • • t i 

» We have reproduced the additions published as V.D.E. 318a, in July, 
1927 (E.T.Z. (1927), 156, 860), which were accepted as from 1st July, 1927. 
A revised edition of V.D.E. 318 has /bst apt^eared, and we have followed any 
purely objective simall alterations which it contains, but it was no longer 
possible to reproduce exactly any slight verbal alterations. 
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The total number of samples required for an investigation 
is : for (a) Mechanical and Thermal Testa, at least 30 normal 
bars ; for (6) Electrical Tests, 12 normal bars. e 

METHODS OF TESTING 

S^echamcal and Thermal Tests 

Bending Strength. 

(a) Five tests with the material as supplied. 

(jS) Five tests after storage for 30 days in petroleum at room 
temperature. 

The test is to be carried out at room temperature, as shown 
in Fig. 14.1 force P is applied half-way between the sup- 


I 

~m 

Kiu. 14 

ports A A, hy a pressure beam, the radius of curvature r of 
which is 10 mm. The pressure beam must be so disposed that 
it makes line contact with the sample witliout constraint. The 
edges of the supports are to be rounded at Q, with a radius 
of curvature r of 1 mm. The distance between supports is to 
be 100 mm. 

Care must be taken that the load is applied without shock, 
and that it is reliably measured. Care must also be taken that 
the sample lies evenly on the supports A A. 

The load is to be increased at a uniform rate of 260 kg. per 
sq. cm. per minute,, until breakage occurs. 

The total amount of bending may be determined with 
sufficient accuracy on a millimetre scale. 

V 

(. 

^ The figures are numbered consecutively with those in the earlier part olf 
this book, and not as in the original. 
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Impact Bending Test 

(a) Five tests at room temperature. 

(/?) JFive tests at about - 20° C. 

(Tests are only required for materials which are to be used 
in the open.) 

The tests are to be carried out with a standard pendulum 
impact machine. • 

The impact beam is to have an edge of 45° angle, which is 
to be rounded off at the apex, with a radius of curvature of 
3 mm. 

The distance between supports is 70 mm. 

The supports must be disposed as in Fig. 15, recessed at an 
angle of 15°, and the supporting edges are to be rounded off 
at Q with a radius of curva- 
ture of 3 mm., in order that 
the samples may pass through 
the supports without hind- 
rance. 

The results are to be ex- 
pressed in centimetre-kilo- 
grams per square centimetre. 

Ball Hardness.^ 

Five tests at room tempera- 
ture. (15-25° C.) 

A steel ball of 5 mm. diameter ( jf? = 0-5 cm.) is pressed on 

to the sample, without impact, at a constant pressure of 50 kg. 

The depth of the impression is measured after 10 and 60 sec. 

From these the degree of hardness M (in kg. per sq. cm.) is 

calculated a^pcording to the formula : 

. H- P - ^ 

• ” ~ It . h . D h ■ 

The impressions must be made in the centre of the samples, 
which are 15 mm. in width. 

Heat Resistance^ * ^ 

With the Martens Apparatus. (Three Tests) 

The samples, which are fifmly 4ield in a position vertical to 

^ From V.D.E. 318a. 


r 
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the base-plate, subjected to a constant bend- 

ing load of 50 kg. per sq. cm. by the attached weighed lever A, 
and are slowly heated. The rate of temperature rise shRll be 



50® C. per hour. The Martens degree Am is determined, i.e. 
the temperature at which the lever A falls through 6 mm. at 
a distance of 240 mm., or at which the sample breaks. 

With the Vicat Needle, (Three Tests) 

A cylindrical steel needle with a flat-ground end of 1 sq. mm. 
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cross-section (M3 mm. diameter) is permanently loaded with 
a weight of 5 kg. and placed vertically on the normal sample 
bar, which lies in a horizontal position. (See Fig. 17.) The 
depth of penetration of the needle is observed with at least 
10-fold magnification, relatively to the light contact member 
S. The temperature is to be increased as for previous test. 
The Vicat degree Ay is determined, i.e. tlfte temperature at 
which the needle has penetrated the sample to a depth of 
1 mm. 

Fire Resistance, (Three Tests) 

A normal sample bar is clamped in a horizontal position, 
and exposed for 1 min. to the flame of a Bunsen burner fed 
with lighting-gas. The burner aperture shall 
be of 9 mm. diameter, and the height of the 
flame when the burner is placed vertically 
shall be 10 cm. The burner is to be inclined 
at an angle of 45°, and the bar is to be intro- 
duced into the flame in such a position that 
the tower surface of the bar, which is 15 mm. 
wide, shall be 3 cm. above the upper edge of 
the burner, and that its end surface shall be 
at a horizontally measured distance of 1cm. 
from the lower rim of the burner. (See 
Fig. 18.) 

The behaviour of the insulating material is 
to be recorded relatively to the following three degrees of 
resistjince — 

1. The bar continues to burn for more than J min. after the 

removal of the flame. ^ 

2. The bar does not burn for more than \ min. after the 
removal of the flaSie. 

3. The bar does not catch fire in the flame. 

Electrical Tests 



Fig. 17 


Surface Resistance, 

The surface resistance is nifeasuf^^d on a surface of 10 X 1cm. 
at 1,000 volts direct electric tension. 
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a, in the condition as received, but after grinding off the 
outer surface. 

/3, after exposure to water for 24 hours. « 

V, after exposure to 25 per cent sulphuric acid for three 
weeks. 

d, after exposure to ammonia vapour for three weeks. 

In tests p to 5,' any percentage alteration in the weight of 
the sample caused by the action of the liquids and gases is to 
be noted. 

In order to determine the surface resistance, two straight 



electrodes 10 cm. long, coated with india-rubber 'and tin-foil, 
are placed on the plate in parallel at a distance of 1 cm. (See 
the standard apparatus, Fig. 19.) The electrical connections 
are shown in Fig. 20. One electrode is connected through a 
protective resistance' of 10,000 ohms with the negative pole of 
the 1,000 volts direct voltage, the positive pole of which is 
earthed; the other electrode is connected with one terminal 
of the galvanometer shunt circuit' the other terminal of M^hich 
is earthed. In order to eliminate the effect of stray currents 
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the connection to the shunt circuit, and from there to the 
galvanometer is provided with an earthed sheath. The support- 
ing pfeite for the electrodes must be earthed, and the galva- 
nometer and its shunt circuit must be placed on earthed 
supports ; the sensitivity of the galvanometer must be at least 
1 X 10'® amp. per 1 mm. deflection at a scale distance of 1 



Fto. ]9 


metre, and the shunt circuit must enable the sensitivity to be 
* 1*11 I 

decreasedstepby *^pto i, i-, and^^^. One 

contact of the shunt circuit also serves to short-circuit the 
galvanometer ; in order to calibrate the galvanometer deflec- 
tions, a coil resistance of 1 megohm is connected with shunt 

circuit — ^ in place of the surface resistance apparatus. This 
* 10000 * • 

coil resistance is wound unifilar with manganin wire of 0'05 mm. 
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diameter, and need not be adjusted with an accuracy exceed- 
ing 3 per cent. The protective resistance consists of manganin 
wire of 0*1 mm. diameter, wound unifilar on a tube of poi^elain 
or glass, of about 6 cm. diameter and 60 cm. long ; the protec- 
tive resistance must also be adjusted with an accuracy of 
3 per cent. The voltage behind the protective resistance is 
measured by a steCtic voltmeter. 

Method of Testing. With smtch open between the protec- 
tive resistance and the surface resistance apparatus, the direct 



voltage is adjusted to 1,000 volts with the aid of the static 
voltmeter. The switch to the surface resistance apparatus is 
now closed, the galvanometer being short-circuited ; should the 
voltage at the voltmeter then be below 500 volts, the surface 
resistance of the insulating material is below 10,000 ohms ; if 
this voltage is still over 800 volts, measurements may be made 
with the galvanometer. * 

The galvanometer deflection is read 1 min. after applying 
the voltage. ' 

The reference figures decrease as follows-^ 


Surface Resistance 

Reference Figures 

Below 1/100<' . 

0 

Uto 1/100 

1 

100 to 1 . 

2 

10,000 to 100 , 

3 

1.000,000 to 10,000 , • 

4 

Over 1,000,000. 

6 
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Three plates are to be used for each series of tests, and at 
least two measurements are to be made on each plate. The 
plate* used for test may be further used for test y. 

Test /?. After removal from the water the plates are rubbed 
with a cloth, and placed vertically in still air at room tempera- 
ture for two hours, in order to remove externally adherent 
moisture. The test is then carried out. • 

Test y. After removal from the sulphuric acid, the plates 
are rinsed for about 1 min. in running water and then treated 
as for test 

Test d. The plates are suspended in large glass vessels on the 
floors of which saturated aqueous ammonia solution is placed, 
and the vessels are then closed by glass plates. Every three 
days a little ammonia solution is added in order to replace the 
losses of ammonia vapour. After removal from the vessels the 
appearance of the plates is noted, after which they are wiped 
with a cloth and tested. 

Internal Resistance. Two holes of 5 mm. diameter and with 
a distance of 15 mm. between centres are to be bored into the 
plate to about two-thirds of its thickness and filled with mer- 
cury. The resistance between the two mercury electrodes is 
determined at 1,000 volts direct voltage; should this be lower 
than the surfacfe resistance as determined by test a, the plate 
must be turned down to deeper layers, and the surface resis- 
tance measured immediately after this has been done. 

Arc Resistance. The plate is laid horizontally, and two pure 
arc carbons of 8 mm. diameter are placed on the plate at an 
angle one to another of rather more than a right angle, and 
inclined to the horizontal by about 60°. A voltage of about 
220 volt is Spplied to the carbons with a series resistance of 
20 ohms. After ai? arc has formed between the carbons, these 
are drawn apart at a rate not exceeding 1 mm. per second. 
The following four degrees of resistance to the action of the 
arc are then distinguished — % 

1. The arc can be drawn out to a length of more than 20 mm., 
and below it a conducting track is formed from the insulating 
matc^al, which remains conductive after cooling. 

2. The arc can be drawn out to a length of more than 20 mm., 
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and a conductive track is formed below it from the insulating 
material, but this track loses its conductivity on cooling. 

3, The arc can be drawn out to a length of more than 2(imm., 
but no continuous conductive track is formed in the insulating 
material. 

4. The arc cannot be drawn out beyond its normal length 
of about 20 mm. • 

NOTES ON THE REGULATIONS FOR TESTING 
INSULATING MATERIALS 

The regulations refer to tests on insulating materials in 
specially shaped normal test pieces. The tests serve to deter- 
mine the quality of the actual material of which the pieces 
are composed. By standardizing certain testing methods it is 
possible to determine and to record in an unambiguous and 
reproducible manner certain important properties of an insu- 
lating material, although these are not physical constants. 
The manufacturer of the material can thus control the quality 
of his product and uniformity of its production; the .data 
regarding its properties enable the user to select an insulating 
material suitable to his requirements. 

Insulating materials which are to be subjected to press- 
moulding, however, produce finished insulator parts, the specific 
properties of which, and more especially the mechanical proper- 
ties, vary more or less considerably, according to the shape of 
the part in question, from those of the normal test bars and 
plates, produced from the same material ; varying results will 
also be obtained at various points of the same insulating part. 
The examination of an insulating material cannot, therefore, 
supply direct data for the calculation of the proper shape and 
dimensions of an invsulating part, for defining conditions 
of acceptance for such parts, as is the case with numerical 
data obtained with a completely homogeneous constructional 
material. Therefor^ an examination of the material in the 
form of normal test-pieces does not suffice, and must be supple- 
mented by an examination of the finished insulating part in 
the form in which it is to be ilsed, In order to determine whether 
the selected insulating material is satisfactory in this particular 
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form. The principles for regulations for the testing of parts 
are at present in process of development by the testing station 
for fiii^shed insulating parts, established by the V.D.E. at 
Nurmberg. 

The present regulations for testing the material therefore 
supply a portion only of the total requirements. The regula- 
tions include those tests only which are absolutely necessary 
for the characterization of the insulating material. They were 
selected from a very much greater number of tests which were 
carried out by the Material Priifungsamt (Testing Institute for 
Materials), and by the Physkalisch-Teehnischo Jieichsanstalt 
(the Imperial Physical-Technical Institute, Charlottenbiirg), 
for the purpose of establishing the principles of such an exam- 
ination. (Passavant, E/T.Z. (1912), page 450.) For many pur- 
poses further tests will be necessary than are ju-escribed in the 
Regulations, for example, the breakdown voltage for insulating 
materials at voltages exceeding 750 volts. In such cases, adher- 
ence to the conditions of the further tests in the article referred 
to is, recommended. 


GENERAL NOTES 

Form of Test-piece. 

The main factor in deciding the dimensions of the test-pieces 
was that some insulating materials cannot be produced of thick- 
ness below 10 mm. The bar form is the most suitable for the 
mechanical tests ; it was first intendc^rl to use j^lates for the 
electrical tests, but as the bars proved more suitable in this 
case also, these were accepted as the normal form for the whole 
examination. It was not advisable to cut bars out of a plate, 
as some pre^s-moulded materials cannot be cut satisfactorily, 
and the mechanical properties may be partly dependent on 
the press-moulded outer skin. 

The breadth and length of the bar were so chosen that the 
bending load in kilograms per square centimetre, according to 
test, was ten times as large numerically as the load in kilograms. 

. Mechanical Tests* 

The purpose of the mechanical tests is to reproduce, 
as far as possible, the conditions to which the ^insulating 



422 


ABTIETCIAL BESINlS 


material is exposed during use, namely, bending, impact and 
pressure. 


Bending Strength. 

^ 4 The bending stress is the ratio of the bending moment M 
the moment of resistance W. If a force P is applied in the 
middle of a test bar resting on two supports, at a distance I 

PI 

apart, the bending moment is JIf == — , where b is the breadth 


and h the height (i.e. thickness) of the bar in cms. ; if the chosen 
dimensions are exactly complied with, namely, ? == 10 cm., 
6 = 1*5 cm., and ^ = 1 cm., then — lOP, in kg. per sq. cm. 

The regulations first proposed provided for graduated applica- 
tion of the load in steps of about 150 kg. per sq. cm., which 
were to be applied to the test bar for 2 min. It was intended 
that these steps should serve as degrees of quality for classi- 
fying the insulating materials, but they proved too far apart 
for practical requirements, and, therefore, smaller increases in 
the load were prescribed in the regulations of April, 1J922. 
However, once the degrees of quality had been abandoned 
the step-wise increase of the load had no further definite 
justification, and the alteration was made of increasing the 
load continuously until rupture occurred, as* is the general 
custom in determinations of mechanical strength. The opera- 
tion is then more convenient, requires less time, and gives the 
exact breaking load. In order to eliminate the effect of vary- 
ing rates of load increase, a definite rate was prescribed, namely, 
250 kg. per sq. cm. x^^r minute, which results in a duration 
for the test of about 1 min. for a material of average strength. 
If information regarding the delayed effect is desi/bd from the 
bending test, the test can be repeated with larger or smaller 
rates of load increase. A sufficient indication of the delayed 
effect is, however, provided by the test, Ball Hardness, in 
which the depth of \pipression is measured after two different 
, 1 ^ durations qf the load. • 

Oi the chemical influences to which the insulating material 
; feay be exposed in practice,* tho^e cd mineral oil, acids, •and 
V &tustic alkalies are the most frequent. 
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The action of mineral oil can only be gauged by the mechan- 
ical tests, but that of acids and caustic alkalis influences the 
electrmal surface resistance of the insulating material much 
more wan its mechanical strength, and the effect in these cases 
is therefore determined by the electrical tests, 51, y, and d. 

Impact-bending Strength, , 

The determination of the impact-bending strength serves to 
evaluate the brittleness of insulating materials, i.e. their resis- 
tance to a percussive load. 

The pendulum impact apparatus hitherto used, of 150 cm. -kg. 
energy output, was adajited for use with the hardest insulating 
materials, such as laminated paper, and so forth. It has been 
found advisable to test the less resistant materials with lighter 
pendulum impact apparatus, in order to be able to differentiate 
more easily by means of smaller impact loads. At the request 
of the Commission for Insulating Materials, the firm of 
Louis Schopper, Leipzig, constructed the pendulum impact 
machine represented in Fig. 21, wliich is provided with two 
interchangeable pendulums of 10 and 40 cm. -kg. energy 
output.! 

The supplying firm have given us their permission to pub- 
lish the following main numerical data — 



10 cm. kg. 
Pendulum 

40 cm. kg. 
Pendulum 

Angle o^ elevation ..... 

160° 

160° 

Total weight of swinging part . 

Distance of centre of gravity from axis of 

304 gm. 

1020 gm. 

pendulum ^ . . •. 

169*2 mm. 

202 mm. 

Distance of fall of centre of gravity . 
Distance of centre of 4>lade from axis of 

.328*3 mm. 

391*8 mm. 

pendulum ...... 

226 mm. 

225 mm. 


The 10 cm.-kg. pendulum is used for ordinary pressed insu- 
lating materials, and the 4p cm.-kg. j)endulum fqr ebonite. 
The apparatus is provided with supports, both for normal 

^ Tlie photograph iised for Fig. 21 was kindly placed at our disposal by the, , 
firm of Louis Schopper, Leipzig. 
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and for bars of 5 x 10 x 60 mm. The 150 cm.-kg. pendulum 
is used for materials of extreme strength only. 

It is important to place the apparatus in an accurately ver- 
tical position on a sufficiently rigid support. 

On lifting the catch K, Fig. 21, the pendulum swings down 
from its initial elevation of 160°. It hits the sample at its 



Fig. 21 


lowest position, and after breaking it swings through to the 
other side of the apparatus. The magnitijde of the upward 
swing is read in degrees of angle on the scale 8 by means of 
the indicator Z. From this reading the energy content of the 
pendulum after breaking the test bar can be calculated. The 
difference between Ihe angles of^ fall and of ascent, together 
with the total energy of the pendulum, give the energy absorbed 
by the impact on the sample* The friction of the pendulum and 
the indicator is allowed for in the graduation of the scale which 
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indicates the angle of ascent for the 10 and 40 cm.-kg. pendu- 
lums, so that special deductions for the loss through these 
cause%is not required. 

It is advisable to ascertain occasionally whether the degree 
of friction of the ball-bearing and of the indicator has altered, 
but if the apparatus is maintained in good condition such 
variations scarcely occur. As the work performed is not pro- 
portional to the angles, but to the heights of fall, it is advisable 
to construct a curve in order to be able to read off the actual 
energy absorbed by the impacts. 

The brittleness usually increases with fall of temperature, and 
an additional impact bending test in the cold is, therefore, 
prescribed for materials intended for use in the open. The 
temperature of about - 20° C. can be obtained by a mixtiire 
of coarse salt and ice in the proportions of 1 : 2 to 1 ; 1. It is 
most important to be certain that the samples actually acquire 
this temperature ; this is most reliably achieved by immersing 
them in the actual freezing mixture for about 20 min. Each 
sample is removed from the freezing mixture immediately 
before the teat, contact between the hands and the middle of 
the sample being avoided as far as possible, freed quite super- 
ficially from the adherent liquid and tested as rapidly as 
possible. • 


Ball-hardness 

Various processes may be employed for determining the 
resistance of a material to compressional loads. The ball pres- 
sure process adopted in this case serves to determine not only 
the actual resistance to pressure, but also the hardness by the 
so-called peneft^tion method. 

According to earlier regulations, a 5 mm. ball of glass-hard 
steel was pressed into the sample to a depth of 01 mm., and 
the hardness measured by the force required to produce this 
degree of penetration. In course of time it vifis found that this 
method is not very suitable for testing insulating materials, 
as many of these show very marked delay effects, so that 
smaller or larger forces are reqitired tn order to produce a given 
penetration, if the force is more rapidly or more slowly applied ; 

38— (5647) • 
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but a reliable estimate of the magnitude of such delay effects 
cannot be obtained from this form of apfplication of the ball- 
hardness test. The new regulations therefore revert to the 
original method of applying Brineirs test. The ball, of 5 mm. 
diameter, is applied at a constant load of 50 kg. ; the measure 
of the hardness is a quantity expressed in kg. per sq. cm. found 

from the reciprocal value of the 
depth of impression h (which must 
be measured with an accuracy of 

at least mm.) and multiplied 

by a constant, the calculation of 
which is explained by the formula 
included in the testing regulations. 
Any delayed effect can conveni- 
ently be observed in the course of 
this test, as two determinations 
have been retained for insulating 
materials for this purpose, namely, 
the determination of the depth of 
impression after the load of 60 kg, 
has been applied rapidly, but without impact, for 10 and 60 sec. 
respectively. • 



Heat Test^ 

“ As many insulating materials must in practice possess a 
satisfactory degree of strength at temperatures considerably 
exceeding ordinary room temperature, examination regarding 
this is required. Of the various possible methods, the Martens 
test and the Vicat needle test have been included in the 
Regulations for the reason that they ai\5 easily carried out; 
being a bending test, the Martens test submits the warm insu- 
lating material to tensile, compressional, and shearing loads.” 

The diagram (Fig. 22) shows the nature of the load on the 
test bar in the Martens hot-bending test. The weight O pro- 
duces a moment Jf = O A about the lever arm I, The stress 
on the test-bar is identical’ witK that which would be produced 
f ^ According to V.D.E. 318a. 
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on a loaded beam, resting on the fixed pointy ,B and (7, and 
loaded Avith weights P at the overhanging ends A and D at 
distances a from the points of support. The bending moment 
increases from A to B and from D to C, attaining a maximum 
0. 1, which remains constant along the whole distance 
between the points B and C. At the test-piece the moment O . Z 
corresponds to the moment P . a, so that G . Z = P . a. It 
is advisable not to use too small a lever arm a, for the force P, 
so that P may not become too large and so cause local impres- 
sions on the sample. Within wide limits the length b is im- 
material. The error caused by the fact that the fall of the lever 
H and lateral displacement of the sample causes an alteration in 
the bending moment, 0 . 1 becomes no longer negligible if bis too 
large. The dimensions of the normal test-bar and of the normal 
apparatus, however, lead to a satisfactory dimension for 6. If Z 
is not made too small, so that G is not too large, the com- 
pressional force acting vertically along the bar also becomes 
negligible. For the sake of simplicity, we have so far assumed 
the, acting moment to be equal to 0 .1; in actual fact it is, of 
course, necessary to add the amount of the moment due to the 
weight of the lever H itself ; the actual moment acting on the 
test-bar is, therefore, M = G ,l + H ,l = P . a. 

As was established by later tests, the rate of temperature 
rise of 12r)-150° C. per hour, which was formerly prescribed, 
led to an unsatisfactorily large difference between the tempera- 
tures of the test bars and those of the air oven in which they 
were enclosed. The rate of temperature rise has, therefore, 
been *reduced to about 50^^ C. per hour, as in this case the 
temperature difference between test-bar and oven is not more 
than 5-6° G?* 

The heat soured must be so arranged that the test-bars are 
heated uniformly throughout their lengths. Experience has 
shown that if this requirement is neglected, inconsistent results 
are obtained. • 

When several Martens instruments are housed ifi one oven, 
thin partitions must be introduced between the individual 
levcsrs, and spring-catching MeviSes must be provided so that 
the fracture of one sample does not interfere with th^ adjoining 
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tests. No regulations have been prescribed I’egarding the con- 
struction of the ovens or indicators to show the dropping of 
the levers, in order that any available ovens might be jjsed; 
it is, however, important to ensure that the samples are heated 
uniformly, and that the measurement of the position of the 
lever is not rendered inexact by displacement of the zero point 
during heating. In order to facilitate rapid adjustment of the 
position of the load, in accordance with the inevitable varia- 
tions in the moments of resistance of the test -bars, it is advisable 
to provide a suitable scale on the lever arm. 

Fire Test 

The test was devised in accordance with the definition of 
fireproofness in the Erecting Regulations. The position of the 
burner, inclined at an angle of 45° and slightly removed from 
the sample, was chosen in order to prevent fouling of the 
burner by any softened products which might fall on it off 
the test-bars. 

The test for fastness to frost has been omitted in the new 
regulations, as deficiencies in this respect are entirely due to 
water contents, or absorption of water, and such absorption 
is much more certainly detected by the electrical tests. 

Electrical Tests 

Test J51. The conditions which insulating constructional 
materials for apparatus and installations have to withstand 
do not necessitate electric strength, i.e, electrical breakdown 
resistance, to any serious degree, the only requirement being 
that the material shall not be appreciably conductive. A large 
number of materials are excellent conductors in a- perfectly dry 
condition, but many of these become electtolytically conduc- 
tive and, therefore, useless in the presence of moisture. This 
is naturally most immediately and most strongly observable 
at the surface of the insulating material; therefore from an 
electrical standpoint an insulating material is sufficiently char- 
acterized for this purpose by its surface resistance under various 
conditions. 

Frequent attempts have been made to improve insulating 
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materials which are not moisture-proof by applying a water- 
tight coating. Apart from the fact that, in practice, these thin 
coatings are easily damaged and their protective powers thus 
rendered questionable, in this case the materials themselves 
must be tested and characterized, and not any possible coating ; 
hence, the regulation that the surface of the plates shall be 
removed by grinding before testing. * 

The resistance measured by the prescribed standard appara- 
tus is not actually the surface resistance only, as tlie effect is 
shared by the interior of the insulating material, because the 
electric lines of force between the two blades which carry the 
voltage, do not run entirely along the smface, but also within 
the material. The conditions are, however, usually quite 
similar in the case of an insulating material in actual use. 
As all particulars of the apparatus and method of testing are 
quantitatively prescribed, the results are entirely unambig- 
uous ; the expression of the measured resistance as “ surface 
resistance ” is merely an abbreviation, which uses the name of 
the»main factor involved. 

The test-plate must not be placed on an earthed metallic 
surface during the test, as the distribution of the eleciJic field 
is thus altered and may lead to too high a result for the meas- 
ured resistance. 

The insulation resistance, and especially the surface resis- 
tance, has no fixed value, as has, for example, the resistance of 
a wire, but generally decreases in about inverse proportion to 
the yoltage. A definite measuring voltage had therefore to be 
prescribed, which had not to be too low in order, on the one 
hand, not to lead to resistances of too favourable a character 
for poor inSfllators, and on the other, in order to enable the 
best insulators tol^e recognized. The current strength is limited 
to 0*1 amp. by the interposed protective resistance of 10,000 
ohms, and the current source need, therefore, supply 100 watts 
only. The most convenient source of currint is a small dynamo, 
the voltage of which is regulated by the exciter ,• and can be 
reduced to a few volts only by cutting this out, so that the 
tesf-bars may be interchanged without danger. Small accumu- 
lators of 01 amp. discharge current may also be combined to 
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form a battery, subdivided into suitable groups for charging ; 
they must be vigorously discharged and re-charged at regular 
intervals, as the slight discharge which occurs during the 4ests 
does not suffice to prevent the positive plates from hardening. 

Another method is to transform up an alternating voltage 
and then to pass this through a rectifier, but care must be taken 
that the direct voltage so obtained does not pulsate too much. 
A three-phase rectifier is greatly preferable in this respect to 
a monophape rectifier, on account of the greater degree of over- 
lapping of the voltage half-waves. In all cases special means 
are necessary to limit the degree of pulsation; this is- best 
effected by loading a capacity C together with the rectifier. 
If three-phase current of a frequency of 50 cycles per second 
is employed, and the direct voltage of 1,000 volts is not to 
fluctuate more than 5 per cent when the current consumption 
through the surface resistance apparatus is i amp., then G 


must equal 1*3 x 10’^ micro-farads. When ^ amp. 


would therefore be 13 micro-farads ; but for many values it 
would be sufficient to measure the surface resistance with a 
lesser degree of accuracy, for example, below 1 megohm (the 
limit between comparative numbers 1 and 2) ; for i = 0*001, 
the capacity C would have to be 013 micro-farads. Such a con- 
denser for 1,000 volts direct voltage is easily constructed. For 
measurements of resistances of more than 10 megohms the 
pulsations would then be imperceptibly small. 

Instead of a condenser a resistance (but not a throttling 
coil) may be interposed, which does not absorb too small a 
current, for example, 0*5 to 1 amp., and from which the voltage 
is diverted for measurement ; by means of a throttling coil in 
front of the resistance the pulsations of the cufoent through the 
resistance can be weakened. The w^orking of this arrangement, 
however, absorbs considerable quantities of energy. 

In the measurement of the surface resistance the exact 
magnitude is not important, but merely the order of magni- 
tude. The degrees of magnitude, starting from — megohms, 
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are successively multiplied by 100, and designated by reference 
numbers. . • 

Amgng chemical influences, the attack by acids or alkalies 
is markedly reflected in the surface resistance result. In order 
to shorten the test, the most commonly occurring effects of this 
character have been selected; dilute sulphuric acid, which is 
distributed everywhere in accumulator shads by the gases 
evolved from the cells during charging, and ammonia, which 
is evolved in cattle-sheds and similar places. As the attack 
cannot be accelerated, the duration of the test had to be pre- 
scribed as three weeks. 

Test B2, In insulating materials containing synthetic resins 
it sometimes happens, in consequence of incompletion of the 
process of production, that water is liberated within the mass, 
whilst the surface shows excellent insulating properties. In 
order that such defects might be detectc'd, the measurement of 
the internal resistance was added to the revised regulations. 

Test B3. The position of the carbons in the arc test is so 
chosen that the hot gases rising from the arc can freely escape 
in an upward direction. An insulating support, carrying two 
horizontal round iron bars in a straight line, is attached to a 
stand. A block slides along each bar, and is provided with a 
boring inclined ^t rather more than 45° to the length of the 
bar. A carbon arc electrode is clamped into each boring, and 
projects to such an extent that the plane containing both elec- 
trodes is inclined at about 60° to the horizontal. The current 
leads are connected to the blocks by terminal screws. After 
the arc has been struck, the one block is slid along its iron bar 
at the prescribed velocity, whilst the other block remains 
stationary. •• • 

The resistance t^ the arc is classified according to the degree 
to which the insulating material assists, j^ermanently or tem- 
porarily, in the passage of the current, owing to the influence 
of the arc. According to the new form of the regulations the 
four various characteristic esyses are arranged in sequence, and 
denoted by 0, 1, 2, and 3 as degrees of resistance to the action 
of the arc. The causes of» the# varying behaviour are the 
following. 
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1. The insulating material carbonizes, and the carbon so 

formed conducts the current even after Cooling, so that the 
arc is re-started. ^ 

2. The insulating material converted into so-called con- 

ductors of the second class (such as the filament of a Nernst 
lamp), which conduct the currents whilst red-hot, but not when 
cold. • 

3. Combustible gases are evolved from the insulating material , 
which enable the arc to be extended beyond the normal length 
of 22 mm*, but the insulating material does not itself become 
conductive. 

Directions of the V.D.E. for the Testing of Insulating Parts 
for {Electric) Installations.^^ 

(Draft. Not yet Final.) 

V.D.E. 315 

Introduction. Various sections of the Regulations for the 
Construction and Testing of Material for Electric Installations 
prescribe properties, without explaining how these are to be 
determined. For example, fire-proof, heat-proof, and moisture- 
proof properties are demanded, and their meaning defined. It 
is also demanded that insulating parts which ^ come into con- 
tact with an arc shall be fire-proof, and mechanical resistance 
is also required. Moreover, the insulating property of a finished 
apparatus after lying in ‘‘ moist air is to be confirmed. 

In no case, however, are explanations provided as to the 
means by which these properties are to be investigated, and 
as to what the testing methods and results should be. More- 
over, no particulars are anywhere given regard^pg tempera- 
tures, and so forth. Many testers of such material, therefore, 
held the view that the “ directions for the examination of elec- 
trical insulating materials ’’ were authoritative for the deter- 
mination of the properties of insulating bodies. 

The Commission ft)r (Electrical) Installation Materials em- 
powered tiVo sub-commissions to^ regularize the position and 

^ The reproduction of these dire^ions,j.whicli are at present availal^e in 
draft form only, is due to the kind permission of the V.D.E. 

* See Elektrotechn. Ztitachr, (1924), 1389. 
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devise regulations, the one for Insulating Bodfies (Chairman, 
Director Schneider,* Frankfurt a.M.), and the other for Testing 
(Chaijman, Prof. Edelmann, Nurmberg). 

It was first decided that aji examination according to the 
“ directions for the examination of insulating materials was 
unsuitable, and that the examination of finished insulating 
bodies must be effected by other methods. It was decided that 
the sub-Commission for Insulating Bodies must di aw up tables, 
showing what requirements each individual article must fulfil, 
in accordance with its application, but these tables could only 
be produced after decisions had been arrived at regarding th(^ 
methods of testing. 

The directions published hercAvith, which wore produced by 
the sub-Commission for Testing, and accepted by the Main 
Commission for Electrical Installation Materials, are published 
in the interests of the work at the testing station of the V.D.E., 
and at the testing laboratories which carry out examinations 
of electrical installation material for the purpose of granting 
the test marking, without waiting for the completion of the 
table of specifications. 

The following gentlemen were mainly concerned in drawing 
up the present directions: Edelmann, (Iriinwald, Hermanni, 
Klement, Molly, Paulus, Ruppel, Schiff, Schneider, School, 
Zimmermann. 

The present draft is intended to form a temi)orary basis for 
tests and reports, until final regulations can be produced as a 
result of further work and experience. In the interest of such 
work,*it is requested that any experience in these directions 
which might be of use in establishing final regulations should 
be sent as semn as possible to the* office of the sub-Commission. 
The construction (d the apparatus has been undertaken by the 
firm of H. Unbehauen, Berlin, No. 18, Weberstrasse, 5. 


GENERAL 

Purpose. The directions are intended to supplement the 
“ Regulations for the Constniction and'EIxamination of (Elec- 
trical) Installation Materials ” with regard to the examination 
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of insulating bodies. It is intended that they should ultim- 
ately be converted into regulations. 

Definitions, (a) Directly insulating bodies are carriers of 
parts under electric tension and other bodies which are in 
direct contact with parts under electric tension. 

(6) Indirectly insulating bodies are covers, linings, and so 
forth, not included under (a). 

Conduct of the Tests 

According to the Kegulations for Erection, and the ‘‘ Eegula- 
tions for the Construction and Examination of Electrical In- 



stallation Material,” the qualities of insulating bodies to be 
investigated include — 

(а) Resistance to moisture. 

(б) Mechanical resistance. 

(c) Heat resistance. 

{d) Resistance to fire. 

Resistance to Moisture. The cover-box a in Fig. 23 (350* mm., 
300 mm., 300 mm.) stands on a tray c (400 mm., 400 mm., 
40 mm.), which is filled with water to a depth of ^iJbout 20 mm. 
The space available for the test shall measure 8 cu. dcm. 
Steam is admitted to the cover-box from a boiler e, of about 
2 litres capacity, the water-contents of which before the test 
should be about 1 Jitre. The tube aperture of the Bunsen 
burner h should be 8 mm. The height of the flame, at a gas 
pressure of about 50 mm., must be 150 mm., the height of the 
core of the flame being* 50 miA. Afi india-rubber tube j may be 
used to connect the boiler e with the cover-box a. 
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Conduct of the Test 

Efficiency after Prolonged Action of Steam, The test object 
must be placed in the cover-bq^, mounted in the manner as 
actually used, and steam is to be introduced for 1 hour. It is 
then to be left in the closed cover-box for at least 11 hours, 
without any previous change of the atmosphere in the cover- 
box. Electric tests must then be carried out without removal 
of water-drops, and so forth. The water remaining in the boiler 
after the test should amount to about ()4 litres. 

Efficiency in Moist Air. As in Test 1, but steam is to be 
supplied for 6 min. only, and the sample allowed to remain 
in the cover-box under the same conditions for 12 hours. The 
water remaining in the boiler after the test should be about 
0-96 litres. 

Efficiency in a Boom Atmosphere. As in Test 1, but without 
steam supply, the water in the tray being sufficient. 

Results of Test 1 3. The insulating bodies must satisfy 

the following respective tests — 

Test according to par. 1 1 for switches ; 

,, ,, ,, 20 for plugs, sockets ; 

„ „ ^ „ 29 for safety elements (fuse units) ; 

,, ,, ,, 43 for sockets ; 

,, ,, ,, 48 for hand-lamps ; 

and suitable tests for other articles. 

Notes. The above-mentioned paragraphs of the ‘‘ Regula- 
tions for the Construction and Testing of Electrical Installation 
Material,” specify that the insulation after exposure to moist 
air for at leas^l2 hoiirs must withstand a testing voltage of 
1,500 to 2,500 volt^for 1 min. without any arcing. No state- 
ment was issued regarding the determination of moisture of 
the air, which should be included in this test. The ordinary 
simple methods of determining the moisture are so inexact, 
that even with identical forms ^f apparatus considerable differ- 
ences might occur in the results obtained.^ For this reason the 
proce^ was simplified, by specifying that a definite quantity 
of water must be evaporated for each determination. , 
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Identity of the tests is, however, only ensured if — 

1. The volumes correspond to those specified, 

2. The evaporated quantities of water are those specified. 

3. The volume of the bodies to be investigated simultaneously 
is not greater than the volume specified. 

Otherwise it might happen that the surface of the bodies 
under investigation was so large that an insufficient quantity 
of condensed moisture was produced per unit of surface. After 
remaining in the cover-box, the test objects must be submitted 
to the test voltage specified in the above-mentioned paragraphs 
without removal of the surface moisture. 

Mechanical Resistance. The investigation of mechanical 
resistance must be carried out in accordance with practical 
requirements. The following tests are required — 

1. Tests for the holders of portable lamps. 

2. Tests for the covers of revolving switches and plugs and 
sockets. 

3. Tests for other articles. 

Tests for the Holders of Portable Lamps 

A stand is provided (Fig. 24) with an anvil rail d of angular 
cross-section. At a distance of 1,000 mm. from this anvil rail 
a pivot e is provided, to which the lead of the lamp is attached 
by a clamp or otherwise. A release / is also provided, which 
enables the lamp to be allowed to fall, without receiving any 
impulse. The anvil rail must have a radius of curvatuie along 
the line of impact of 5 mm. 

«■ 

Conduct of the Test • 

The hand-lamp is to be furnished with a correspondingly 
long lead of the type actually to be used. The socket is to be 
attached and safety clip provided. The lead is to be attached 
to the piyot. Three blows are*to be imparted, and the ap- 
paratus is to be so adjusted that these are received at the 
points a, 6, and c in that sequenee. • 

Results of Test. The holder of the hand-lamp must withstand 
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these three impacts without damage. Dents are not to be 
considered as damage. 

NOTgs. The method of testing was devised in accordance 
with the working conditions, wJ^ich the articles must be suffici- 
ently strongly constructed to withstand. The weight of the 
hand-lamp, including protective cage and other auxiliaries, 
exerts its full effect, as does also the positior> of the centre of 




gravity. The height of fall provided, and the angular form of 
the anvil rail, serve to test the object sufficiently . 

Tests for the Covers for Revolving Switches 
, and Plug-sockets 

The height of fall of a 500 grm. falling weight is adjusted 
by means of platform d (Fig- attached to the frame a 
of the apparatus, wj^ich also supports a guide-rod b down which 
the falling w^eight slides ; the height of fall is adjusted accord- 
ing to the equation : 

Weight of cover _ height «Jf fall in cm. 

5 • • 

The cover to be tested is held in position by a contrivance 
of wood or the like (/). 
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Conduct of the Test 

The falling weight is to be dropped once on to the cover 
from the adjusted calculated height. ^ 

Results. The covers must rejpist this treatment without show- 
ing any crack or other impression. 

Notes. This test provides for the fall of the cover, which 
may occur during assembling. The various otlier possibilities 
of breakage could not be provided for, as the possible accidents 
to mounted switches are of very varied character. 

The method of testiug reproduces the impact which would result 
from a fall of 1 metre, and substitutes for the indefinite direc- 
tion of fall of the cover, that of a controlled falling body, the 
weight of which is 500 gm. for covers, the weight of which 
does not exceed 250 gm. The impact of the weight must be 
so arranged that it comes into axial contact with the surface 
of the cover across the whole available height of the cover. 
From the weight of the cap itself and the weight of the falling 
weight (500 gm.), the formula 

Weight of cover in gms. , . , ^ ^ . 

= height of fall in cms. 

o 

is deduced. 

In order to facilitate the measurement of the height of fall, 
the guide-rod of the contrivance is to be placed on the rim of 
the cover, and the height measured on the scale on the guide- 
rod. The cover must be held by a suitable contrivance in order 
to prevent it from rolling away. A suitably shaped wooden 
block, for example, may be used for this purpose, which 
holds the cover from below by not more than one-third of its 
circumference. Impact shoijld occur at an un weakened point 
of the circumference of the cover. 

Heat Resistance of Solid Insulating Bodies 

Apparatus, The test samples are to be placed in a thermo- 
stat (Fig. 26), consisting of a bed-plate, heater, and covering 
plate. They are to*be fastened tp special contrivances, without 
alteration of their shape, and subjected to the action of a load 
by means of a special device. The weight of the load must be 
equal to the weight of the object, but not less than 100 gm. 
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Conduct of the l^ts 

1. Resistance for temperature range, 250° 0/ ‘ 

^he temperature is to be raised by 50° C. per hour. Final 
temperature, 250° C. ^ 

2. Resistance for temperature range, 150° C. 

As for temperature range, 250° C. ; final temperature, 
150° C. 


3. Resistance for temperature range, 100° C. 

As for temperature range, 250° C. ; final temperature, 


100° C. 

4. Resistance for temperature range, 

70° C. 

As for temperature range, 250° C. ; 
final temperature, 70° C. 

5. Resistance at temperature range, 

50° C. 

As for temperature range, 250° C. ; 
final temperature, 50° C. 

Results. No noticeable general alter- 
ation of shape must be produced 
during the test. The degree of bending 
at the loaded lever must be less than 



3 mm. • Fia. 26 

Notes. The method of testing the 
mechanical resistance of insulating bodies at raised temper- 
atures usually employed hitherto, was to place the body in a 
thermostat, the temperature of which was raised to the required 
point within a specified time. After this temperature had been 
attained the body was removed from the thermostat, and an 
investigaticii was then made With screwdrivers and similar 
tools as to whether the suiface of the body could be deformed. 
The result was dependent on many uncertain factors ; these have 
now been eliminated. The bodies remain in the thermostat 
throughout the test, and the result is observed in the thermostat. 

The form of the thermostat is of no consequence. A simple 
form of apparatus, for use up to temperatures of about 180° C., 
which works reliably and can beicheapiy constructed, is shown 
in Fig. 26. 
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The test objects, such for example as are shown in Figs. 27 
28, and 29, a"re placed in this thermostat (together with the 
testing devices.) ^ 

Fig. 27 shows a device for subjecting a cover for switches 
or plug-sockets to a load. 

The parts are indicated as follows — 

а. Heater of thb thermostat. 

б. Angle-iron support. 

c. Measuring device. 

d. Sample under examination. 

e. Loading device. 

/. Thermometer. 

P. The loading weight. 

Fig. 28 shows similar devices for plug-sockets and switches, 
and so forth, and also for plugs. 

Fig. 29 shows a device for testing portable lamp sockets. 
The parts are as follows — 

а. Socket of portable lamp. 

б. Holder for same. 

c. Measuring device. 

P, Indicates the loading weight which is to be used in place 
of the safety glass and cage, if these are not used during the 
test. A weight of 500 gm. generally suffices for ordinary 
hand-lamps. 

In Fig. 26 the parts are designated as follows — 

а. The thermostat cover. 

б. Thermometer. 

c. Loading device. 

d. Heater. 

c. Ground plate. 

It is a fundamental condition of the tests that no alteration 
of shape must be made before or during the test ; thus, for 
example, no holes must be made in order to affix testing devices. 
Thus, for example, a cover *for switches or plugs must-be 
attached to the holder of the contrivance by means of its normal 
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perforations. A clamp is affixed to the rim of a* cover, which 
also supports the load. The leverage for the weight is to be 
arranged in the proportion 1 ; 5, so that if the clamp on the 





Fig. 27 


Fro. 28 


cover is 10 mm. long, the weight must be attached 50 mm. 
distant from the edge of the cover. The weight should be equal 
to the weight of the object under test, but not less than 100 gm. 
The investigation of sockets, plugs, or portable lamp-holders 
is carried out in the mamier 
indicated in Figs. 27 and 29. 

It has already been mentioned 
in the directions that no appreci- 
able change of shape should occur 
during the test, and that the 
displacement of the loading lever 
must not excead 3 mm. 

The above-mentioned temper- 
ature ranges apply to articles intended for use in normally 
heated spaces only. Other testing temperatures have naturally 
to be employed for articles intended for u845 in hot spaces, and 
these have still to be decided.* * « 

Note. The temperatures at present ^usual for testing the 
following objects are — * * 

1. Safety and cover lids, 70® C. ^ 

*9— (5647jf* 



Fig. 29 
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2. Supports, for parts under electric tension, 100® C. 

3. Portable lamp-holders, 150° C. * 

4. Parts for cut-outs, 250° 0. .« 

The question is at present being investigated as to whether 
safety covers which are heat-proof at 60° C. suffice for general 
purposes. ^ ^ , 

Heat Resistance of Compositions 

Compositions serve to cover, but not to support, parts under 
electric tension. 

Apparatus. (Fig. 26.) The test objects are to be placed in 
the thermostat in the position in which they are to be used. 

Conduct of the Test 

The temperature is to be raised to 70° C. within 1 hour. 

Results. No alteration in the position must occur during the 
test. 

Note. Compositions should resist practical conditions with- 
out change of position. In order to control their behaviour, 
composition articles, such as switches, plug-sockets, and cut- 
outs, are placed in a thermostat in the same positions as when 
in use. The temperature in the thermostat must be raised to 
70“ C. within an hour. At the end of this peliod the composi- 
tions may have softened, but no change of position must have 
occurred. Compositions containing paraffin wax and similar 
materials are therefore not permissible. 

Fire Resistance 

Directions are being prepared. 

The Association of German Electrical Engineers is preparing 
fiud.her V.D.E. regulations on insulating rdaterials, and it may 
be assumed that these will be accepted during the year 1929- 
1930. Meanwhile, pamphlet V.D.E. 427 has appeared on the 
Examination of Ineulating Tapes. 
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“Vectorial polymerization,” 27 
Vegetable secretions, 14 
Vingtrie, 174 
Vinylacetone, 106 
Vinylacrylic acid, 63 
Vinyl esters, 101 
Viscosity, 76 
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Vitreous condition, 30 
Volatility, 80 
Voorhout, 143 

Vulcanisation of rubber, 159, 222 

“W ACKER shellac,” 260, 266 
Wall-paper printing, 269 
Waxed paper, 361 
Weimarm, 20, 21, 25 
Wendriner, 235 
Werner, 165 
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Wood tar, 296 
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